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In searching for a subject to meet the M. S. Degree Research 
Report requirements, I had several objectives in mind . I wanted 
(1) a project with relevancy in the environmental field which would 
broaden my understanding of the environmental systems which I have 
studied, (2) a subject which would allow me to apply some of the 
Principles which I have learned in Operations Research , and (3) a 
project which had good practical application. With these objectives 
in mind, I reviewed the suggested topics presented by the Faculty 
and selected the FTU Water and Wastewater System Analyses topic which 
was recommended by Dr. Y. A. Youse£. 
After selecting the topic I became very interested in the 
application of Management Information Systems (MIS) and discussed with 
Mr. C. S. Bauer, the possibility of utilizing such a program to evaluate 
the data which I had accumulated. He concurred that this would be 
a good application of a YJS and encouraged my use of it. He provided 
me with a basic MIS program which he and his IEMS 496-13 class of 1971 
had developed . To meet the requirements of this study it was necessary 
to add some programs and make modifications to the basic programs which 
provided me with an extensive involvement in computer programming and 
MIS operations . The application and use of the MIS has become an 
important part of this research paper . 
I have learned much in analyzing the FTU Water and Wastewater 
Systems and in applvin~ the M;ma~emPnr Tnfnrm;:lt-irm C:vj.;lh:.m 
v 
It appears that a continuation of t hese studies with an 
increase of scope to encompass electrical and other mechanical 
utilities would be desirable. It would als o appear that this study 
could have practical value in the management of the present utility 
systems and that FTU might elect to cont i nue this or a similar MIS 
program as a part of the utilities oper ations . This type study 
should also have potential application f or analyzing municipal and 
government operated facilities. 
v i 
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CHAPTER I 
METHODS OF ANALYSIS 
1 . 1 INTRODUCTION 
It is the objective of this research report to analyze both 
quantitatively and qualitatively three years (1969 - 1971) of data 
related to the FTU Water and Wastewater Systems and to utilize a 
computerized Management Information System (MIS) in the analyses . 
The MIS used in this study accepts raw data as recorded by 
the FTU Water and Sewage Plant personnel and converts these data 
into useful information that can be used to evaluate and improve 
operational performance. This study will also help evaluate future 
requir ements and adequacy of current water and wastewater systems. 
A ~llinagement Information System is a "network reaching into all parts 
of the firm . . . it is the connective tissue which backs all other 
systems . " (1) For the purpose of this report, the MIS is a network 
which reaches into areas of the FTU Water and Wastewater Systems and 
provides management with readily discernable information from which 
performance decisions can be formulated to improve the systems 
operation. 
As in most utility operations a vast store of recorded per-
formance data was available for analysis. Data were categorized and 
manipulated by the computer into meaningful information. This infor-
mation will be used throughout the text of this report. Cost 
1 
2 
evaluations have also been made to compare the cost effectiveness of 
the Water and Wastewater utility operations at FTU with those of typical 
industrial or -municipal facilities. 
The categories of data tabulated and used in this study follows . 
1. Year and Month of data input 
2. Potable water treated--million gallons per month (MGM) 
3. Average daily water consumption--thousands of gallons 
per day (TGPD) 
4. Maximum daily water consumption-- TGPD 
S. Minimum daily water consumption-- TGPD 
6. Monthly chlorine usage in water treatment-- pounds 
7. Average residual chlorine measured-- parts per million (ppm) 
8. Water consumption--gallons per capita per day (GPCD) 
9. Student population 
10. Total population 
11. Average wastewater treated--TGPD 
12. Maximum wastewater treated--gallons per minute (GPM) 
13. ~tinimum wastewater treated-- GPM 
14. Wastewater influent S day BOD--ppm 
lS. Wastewater effluent--S-day BOD--ppm 
16. Percent BOD removal--efficiency--percent 
17. Polishing pond--S-day BOD--ppm 
18. Total wastewater solids in influent--ppm 
19. Fixed solids in wastewater influent--ppm 
20. Total solids in effluent--ppm 
21. Fixed solids in effluent--ppm 
I 
I 
22. Dissolved oxygen (D.O.) in wastewat er influent--ppm 
23 . D. O. in waste\vater effluent--ppm 
24 . D. O. in polishing pond--ppm 
25 · Average · wastewa-ter . treated. 
The methods used in this research r epor t has proven to be a 
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very practical approach for analyzing dat a and providing useful 
information for water and wastewater parame t e r s and for r elating system 
requirements to system capacities in a form tha t can be r eadily under-
stood and from which management decisions can be made fo r operational 
improvements. Many Utility and Operations organizations are continually 
recording operational data which often lies dormant within a file and 
when not converted to useful information is wasted. The use of an MIS 
such as the one used in this report could provide Operating Management 
with an excellent means for monitoring and analyzing t heir performance 
effectivity. 
1. 2 NANAGEMENT INFORMATION SYSTEM 
1.2 . 1 GENERAL DESCRIPTION 
The Management Information System (MIS) utilized in this 
research project uses the 1130 computer, t he connected typewriter, 
the 1403 printer and the card reader. The MIS accepts 25 categories 
(parameters) of raw data for the 36-month per iod beginning January , 
1969 and ending December, 1971 (as r ecor ded by the utility operators) 
and calculates, tabulates, correlates , plots and provides a visual 
readout of pertinent information which can be used by management as 
a basis for decisions and controls to impr ove the performance of their 
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operations . It was necessary to reduce the numb er of categor ies of 
data from 25 to 15 and consequently to make 2 computer runs to accom-
plish the tgtal readout since the 1130 is too small t o m e e t 
the requirements of as large a program as was undert aken in this study 
without the above described modifications. 
1 . 2 . 2 TrlE MIS PROGRAMS AND RELATED ANALYS ES 
DESCRIPTIONS 
The MIS used in this study consists of a monitor pr ogr am , 
seven subroutine programs, and a disk storage program. All of t he 
above are stored in disk memory and are called up and utilized as 
required . Pages Al through Al4 of Appendix A are listings of these 
programs . 
The monitor program is the interface between t he management 
information system stored in computer memory, and the user of t he 
system. The monitor program informs the user of what i nformat ion is 
available in the system, attains selection of desired informa t ion , 
calls up the information required and controls the over all system 
proceedings through direct communications with the user. The monitor 
program calls up a subroutine to provide the desired data processing 
and to output the required information after whi ch control is returned 
to the monitor program, which then requests the us er t o indicate what 
he would like to do next and reminds him of his options . The process 
continues until the user terminates the program . Pages Bl t hrough B6 
of Appendix B are copies of actual communications which include some 
of the information developed in this study. 
The following MIS subroutine descriptions briefly define 
the functions of the subroutines. Subroutine names as used by the 
computer are· In parenthesis. 
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(1) Dump (Dump) - This subroutine provides categorized 
listings of data . It prints the title of the data category and 
follows this with a listing of the required data. Data can be dumped 
by specific year and month or the total 36 months by 25 categories 
of data can be dumped in one listing. Examples of output data from 
this program are shown in Appendix C. Tables Cl through C4 . 
(2) Update (Updat) - This subroutine provides a means of 
revising or updating data that is already stored in memory without 
going through the formal punch card, delete, add procedure. It calls 
up the data categories by month and year from disk memory, erases 
the existing value, and allows on the spot correction . 
(3) Trend (Trend) - This subroutine determines the best fit 
straight line equation which describes the input data relative to 
time . The method used in determining the equation of the best fit 
or trend line utilizes an inverted matrix multiplication procedure 
which results in a least squares best fit straight line (2) . The 
Trend equations are provided for predicting future values. The sub-
routine does this by accepting the months in the future for which the 
prediction is required and calculating the predicted value . Examples 
of outputs of the Trend equation are contained in Appendix B. 
(4) Regression (Regrs) - The regression subroutine compares 
corresponding data from a dependent and independent variable and deter-
mines the best fit straight line regression equation for the 
relationship. It utilizes the same basic procedure as the Trend 
program (2). 
This subroutine also contains a subprogram for calculating 
the Linear Correlation Coefficients relative to the dependent and 
independent variables . 
6 
Through the regression analysis and the determination of the 
corresponding linear correlation coefficient it is possible to obtain 
a better understanding of the interrelationships between the assumed 
dependent and independent variables . Examples of the output regression 
analysis are contained in Appendix B. 
(5) Plot (Plot) - This subroutine plots a graph or curve of 
the data input . Several plot programs were used in this analysis. 
For most of t he plots, the X axis is the time scale and theY axis 
is the variable data scale . The Y axis is divided into one hundred 
equal increments, with the minimum ordinate value equal to the minimum 
datum value and the maximum ordinate value equal to the maximum datum 
value of the variable being plotted. These values plus the median 
value are identified on the plots . This is a very convenient method 
of plotting and provides convenient readouts of the maximum and minimum 
values . Plots for all data categories are included in Appendix C 
Figur es Cl through C33 . 
Trend lines were plotted on the variable versus time curves 
by inputing the equation of the line from the trend analysis into the 
plot program . These are the "B" values plotted on the curves . The 
equation of the trend line is delineated on the plot. 
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Regression lines were plotted on the variable versus population 
curves using the same procedure as for the Trend lines. 
To -p-rovide comparisons of several system parameters on the 
same curve, multiple plots of several parameters were plotted on the 
same curve. 
(6) Statistics (STATS) - This subroutine calculates the mean 
and standard deviations for the requested data category. 
(7) Finish - Finish is a means for terminating the program. 
Meeting this option terminates the program and writes "End of FTUWW 
MIS Exercise . " 
1.3 POSSIBLE SYSTEM ENLARGEMENT 
It would be possible to add other parameters such as costs 
which would plot or readout costs per 1000 gallons treated water or 
wastewater per month or to add other subroutines which would provide 
management with a continuous, objective analysis of system operational 
performance. This system could be expanded and improved upon to 
include all utilities, facility information, PM reporting, historical 
data compilations, etc. This appears to be a potentially valuable 
tool for Maintenance and Operations Management and an excellent use 




POTABLE WATER ANALYEES 
2.1 Introduction 
This section describes the FTU water system from both a quantita-
tive and qualitative viewpoint.. The performance data used in this 
section of the report were obtained from the records of the Water and 
Sewage Treatment Section of the Physical Plant Department. Equipment 
cost data were obtained from the Physical Plant and Planning Departmen~. 
2 .2 Water Treatment System 
Figure 2-1 is a schematic diagram of the water treatment 
system at FTU . Raw well water for all uses is provided from three 
wells located on Campus. Each well is 550 feet deep. Wells No . 1 
and No . 2 are equipped with Peerless 500 GP 1 pumps powered by 15 HP 
(U.S. Motor) motors. Well No . 3 has a Peerless 600 GPM pump and is 
also powered by a 15 HP (U.S. Motor) motor. These pumps are capable 
of delivering a total of 1600 GPM. 
Water is provided from the three deep well pumps to an Aerator 
for the removal of Hydrogen Sulfide and carbon dioxide and for re-
oxygenation of the water . From the Aerator , water is pumped by either 
or both of two (Worthington) 30 HP , 600 GPM lift pumps to a 200,000 
gallon elevated storage tank or to the Campus load as required . Either 



















Fig . 2- 1--. Schematic Diagram of FTU Water Treatment System. 
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present limiting factors of system capacity. Chlorine is added as 
a function of demand by either of two chlorine 3 HP booster pumps 
which are l~~ated prior to the elevated tanks . 
The tower is 150 feet high. It provides surge and emergency 
storage, and a uniform pressure of approximately 60 psi to the 
Campus facilities. Pumping to the tower is controlled by pressure 
switches which control the operations of the lift pumps . When the 
pressure drops below 57 psig, the first lift pump is started. If the 
pressure continues to drop, a second pump is started and both pumps 
continue to operate until the requirement becomes satisfied . At 
approximately 61 psig the pumps are automatically shut down by their 
respective pressure control switches. Figure 2-2 is a reproduction 
of a typical lift pump flow recording. During the daylight period 
from 7 A}f until 4 PM it is not unusual for both pumps to be utilized 
to maintain the tower level and satisfy water demands . From this 
sample chart it appears that one pump is required approximately 80% 
of the time. The darkened area at the top of the recording pattern 
is a result of flow fluctuations from pumping against a fluctuating 
head. Controls are so installed that pump utilization can be alter-
nated and thus usage balanced be~ween the two pumps . 
The treated water is used for drinking, washing, cleaning, 
toiletry, swimming pools, cooking, irrigation, air conditioning, 
heating, etc. 
Water is distributed to Campus facilities via a 10" cast iron 











various facilities . Meters for measuring water consumption are 
located at ~o§t facilities . 
2 . 3 RAW WATER CHARACTERISTICS 
1 
Well water is obtained from the Ocala Aquifer which is a part 
of the Florida aquifer . Flow of the subsurface aquifer water is 
generally Northeast from watershed areas West of Orlando (3) . 
A comparison of raw water quality to drinking water standards 
as established by the Public Health Service (4) is contained in 
Table 2- 1. The Public Health Service is primarily concerned with 
those properties of water which can be considered unpleasant or 
injurious to health. These standards limit many water supply impur-
ities such as arsenic, radioactivity, copper, manganese and cyanide 
which if present in sufficient quantity would be injurious to 
health (5) . These impurities are below the detectable limits in the 
FTU water supply (6) . All the properties of the raw water are within 
the regulated or desirable limits as indicated in Table 2-1 except 
turbidity which has a recorded value of 6-8 JTUs as compared to the 
recommended level of 5 (7). Turbidity should not result from 
impurities ·which cause offense to the senses of sight taste or 
smell (7). The pH of the water supply is slightly alkaline and 
varies from 7 . 6 to 7.8. 
From the total solids and fixed solids categories it is 
apparent that some volatile solids are prevalent within the raw water. 
Ground water also absorbs methane , hydrogen sulfide, and carbon 
dioxide, all of which are gases resulting from anerobic decomposition 
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TABLE 2-1 
FTU POTABLE WATER QUALITY CHARACTERISTICS 
Parameters 
Total Hardness, 
as Ca co3 
Calcium Hardness, 
as Ca co3 

















4- 14 ppm 





15- 26 ppm 
10- 12 ppm 
0.10-0.29 ppm 
6-8 JTU 









Less than 500 ppm 
N. A. 
N. A. 
Less than 1.0 ppm 
Less than 250 ppm 
Less than 250 ppm 
Less than 0 . 3 ppm 
Less than 5 JTU 
. A. 
. A. 
which accumulate in the ground when plants die crop stubble rots 
leaves fall and organic wastes are destroyed by bacteria molds or 
other micr~-organisms (8). 
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In summary, the raw water is a good source of drinking water . 
It has a medium hardness level and is all bicar bona t e hardness . The 
only treatment performed is aeration to remove t he hydrogen sulfide 
and carbon dioxide, improve odor, and increase the dissolved oxygen 
level, plus chlorination to disinfect the water and oxidize foreign 
materials . 
2 . 4 MIS POTABLE WATER ANALYSES 
Graphical and tabulated information of t he important factors 
related to the consumption, production and trea t ment of potable 
water at FTU is presented in Table Cl and Figure Cl t hr ough C9 of 
Appendix C. Figures Cl through C9 are plots of various water param-
eters as related to time. The relationships of water parameters to 
population and other parameters are discusse d in Chap t er IV . 
Table Cl is the output of the MIS Dump Pr ogr am . This output 
consists of a categorized readout of the accumulat ed data for the 
water related factors which were included in t his analysis . 
2.4 . 1 WATER TREATED 
Average water treated and consequen t l y consumed over the period 
of January 1969 through December 1971 i s ill ustrated in Figure Cl . 
From this figure it is evident that t he maximum of the monthly average 
usage occurs in May and June of each year when i rrigation is at a peak . 
The maximum water produced was 22.3 million gallons in the month of 
15 
May 1971 . This production is equivalent to 738 thousand gallons per 
day or approximately 510 gallons per minute. The Trend Line indicates 
a steady increa~of 0 . 294 million gallons per month. The maximum 
values are increasing at a higher rate as can be seen by drawing a 
straight line through the peak values of the curve . The slope of the 
peak value line is approximately 5.68 million gallons per year as 
compared to 3 . 53 MG per year increase in the average monthly consump-
tion . By extending the Trend line or using the Trend Equation it 
is possible to forecast future potable water demand. The projected 
(Trend line) water requirement for January 1974 is 29 . 32 million gallons 
per month. The maximum value for this year is projected to be 37.5 
million gallons per month. This value is equal to an average value 
of 838 gpm. A velocity in the 10-inch cast iron main of 3 . 25 feet 
per second and a loss of head of 4.5 feet per 1000 feet will occur 
under these projected conditions. These values were obtained using 
the Hazen Williams Nomograph with C=l20. 
2.4.2 AVERAGE DAILY WATER CONSUMP TION 
The information contained in Figure C2 is essentially the 
same as discussed in the paragraph 2.4.1 except that the data base 
has been changed from millions of gallons per month to thousands of 
gallons per day. 
2.4.3 MAXIMUM DAILY WATER CONSUMPTIO 
The maximum daily flows in thousands of gallons per day (as 
recorded within t he month)are indicated in Figure C3 . The Trend 
Line representing these data follows the equation B=408 r 15 . 9 T. 
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The maximum maximum daily water usage as indicated in Fi gure C3 occurs 
in May and June with minimum maximum daily requirements occurring in 
late summer or early fall . The exception to this is t he r educed 
requirement of December 1971. It is understandable that t he peak 
demands occur during May since this is the month of high irrigation 
requirements and full enrollment. 
The three yearly peaks of the maximum daily f low appears to 
follow a str aight line which increase more rapidly than does the plot 
of the Trend equation. The equation for a continuation of the peak 
curve would approximate B = 1320 + 24.2 T where T i s months in the 
future from January 1972, and B is thousands of gallons per day . 
Using this equation the forecasted value for peak dai ly r equirements 
in January 1974 would be 1,930 thousand gallons per day. This is 
equivalent to 1,340 gpm, a velocity in the 10-inch line of 5 . 5 feet 
per second and a loss of head of 13 feet per 1000 f eet. This peak 
is greater than the 1200 GPM lift pump capacity and i ndicates a 
trend towards system overload within two years . These values were 
found for the above flow using a Hazen Williams Nomograph of c~120. 
This value would exceed the installed lift pump capacity and would 
require the continuous use of all the well pumps . 
From the pump demand charts, it also app ear s that the maximum 
hourly rates will approximately doub l e the daily r ate and thus exceed 
the design capacity in the next two years . Automatic , remote or manual 
valving could be used during periods of peak demand to reduce or elim-
inate irrigation until t he demand s ubsi des . Raw water irrigation could 
also be provided, however, a cos t benefit analysis should be. made to 
I~ 
-----
determine the most economical method to meet the forecasted 
demands. 
2.4.4 Figure C4, MINIMUM DAILY WATER CONSUMED 
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The Trend Line of Figure C4 illustrates that the minimum daily 
requirements for water have been increasing at a rate of 8 . 5 thousand 
gallons per month or 102 TGPD per year. The equation of this line 
is B = 137.1 + 0.45 T. 
The minimum of the minimum daily rate over the three year 
period under study is 19 thousand gallons per day. This occurred in 
August 1969. The maximum of the minimum daily usage occurred in 
Apri l of 1971. This value was 496 thousand gallons per day. The 
only unusual values associated with t his plot occur in November and 
December 1971 when unusually low readings of 250 and 196 thousand 
gallons per day were recorded respective~y . The November r eading 
occurred during the Thanksgiving Holidays and the December reading 
during the Christmas Holidays when on~ population was at a 
minimum. 
2.4.5 CHLORINE USED FOR WATER TREATMENT 
It can be seen that water treated (Figures Cl and C2) and 
the monthly chlorine requirements ~igure C~ are closely related. 
From the Trend equations it can be determined that719 pounds of 
chlorine are used for 18.8 million gallons of water per month or 
approximately 38 pounds of chlorine are used for every million gallons 
of water. This chlorine dosage is equivalent to 4 .5 ppm and results 
in a mean chlorine residual 1 . 4 ppm. The chlorine usage for the months 
-18 
of December 1971 and November 1971 show only a slight decr ease and 
are essentially on the Trend Line, whereas water us ed fo r these two 
months indicate a heavier decline. 
2.4.6 RESIDUAL CHLORINE (ppm) 
Residual chlorine (Figure C6) appears to f ol low a narrow band 
probability curve with a tendency toward reduced r esidual with increas-
ing time. The mean of the chlorine residual data is 1.40 and it has 
a standard deviation of 0.25. All data values except t he value for 
March 1969 fall within the range of .90 to 1 90. It can be seen that 
the Trend Line is almos.t parallel to the time axis. The r e is a 
probability of 95.4% that the measured residual chlorine will fall 
within the range of .90 to 1.90. The mean value of 1. 4 meets the 
residual chlorine requirements for potable water and assures complete 
disinfection of the water. Bacteriological samples t aken in acco r dance 
with Public Health Standards (9) confirm the effectiveness of the 
chlorination. 
2.4.7 WATER CONSUNPTION 
A comparison of Figure C7 and Figure C9 illustrates that as 
population increasesthe per capita daily consumption decreases . Water 
consumption shows a decrease from 186 gallons per capita per day in 
January 1969 to 112 GPCD in December 1971. This is due to the fact 
that irrigation and facilities air condit ioni ng water requirements 
are more dependent upon climatic conditions t han on population . 
Thus as the population increaseswith t hese loads remaining almost 
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fixed (not affected by popul ation) it can be seen that t he per capita 
demand will decrease as i ndica t ed . 
Average air condit ioning requi r ements are approximately equal 
--
to 1500 gallons per hour or 36 , 000 gallons per day . Irrigation 
requirements are estimated t o aver age approximately 150,000 gallons 
per day . This is equivalent to 3,000 gallons per acre of irrigated 
land per day . 
2 . 4 . 8 STUDENT AND TOTAL POPULATION 
A population growth rat e equivalent to a 117 per sonnel per 
month or 1400 per year has been exper ienced by FTU during t he period 
of this study. The populat ion figures used in t his st udy which are 
charted in Figures C8 and C9, student population and t o t al population , 
respectively, were obtained f rom t he histor ical records of the 
Registrar 's Office . The two cur ves ar e closely related . The only 
difference between them is t hat t he FTU Faculty and Staff ar e included 
in the total population . 
Populations predicted fo r December 1973 us i ng the Trend Lines 
are 7316 students and 8394 t otal population . From t he figures it can 
be seen that approxi mat ely 600 capita should be added t o attain the 
peak population which occur s during the fall quarter and extends 
t hrough December. 
2.5 WATER COSTS 
A very impor tant operational performance parameter of water 
production and dis tribution is the cost per 1000 gallons . To arrive 
at t he cost it i s necessary to include all costs (capital and 
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operational) and to relate these costs to a common cost per 1000 
gallon basis . Cost values are approximate. Operating costs were 
established fram estimates by the operating personnel. Capital 
costs are mostly actual costs as provided by the Planning Office 
where these costs could be separated from other non-related contracts 
and estimated where it was not possible to segregate the specific capi-
tal cost. A life of 25 years is assumed for the capital equipment 
with a salvage value at the end of the 25 years equal to 20 percent of 
the _initial investment and interest rates of six percent per annum. 
Capital Costs : 
Water Mains, Wells, Tanks 
Foundations 
Lift Pumps 
Aeration Unit & Chlorinator 
Total Capital Costs 
Salvage Value ($36,240.00) 
Net Initial Capital Costs 
Monthly Capital Recovery Costs 
6 Percent Interest 
Monthly Costs : 
Labor 80 man hrs/wk at 4.25 per man hour 
Chemical Costs 
Maintenance Costs 
Electrical Power Costs 
Capital Recovery Costs 













864 . 00 
1 2126.00 







Monthly Water Production 
Cost per 1000 gallons 
18.97 million gallons 
$0.199 
This cost is essentially equal to the minimum price of 









This portion of the report describes and analyzes the FTU 
wastewater treatment system which includes the analys es of fifteen 
categories of wastewater treatment data. 
A three year span of recorded data rela t ed t o the FTU 
wastewater treatment operations was used in this analysis . Opera-
tions data was obtained primarily from records of t he Water and 
Sewage Plant Section of the Physical Plant Department. Equipment 
specifications, cost data and related information wer e obtained 
from records and personnel of the Physical Plant Depar tment . 
3.2 WASTEWATER COLLECTION 
The wastewater collection facilities cons i s t of a complete 
underground collection system with an 18 i nch diameter main and 




Slopes vary throughout the area as a function of tope-
The slope on the main 18 inch feeder averages about . 0012 
There is over a mile of 18 inch under gr ound wastewater 






Fig . 3-1 .--Wastewater Flow Diagram--Gallons Per Minute . 
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Figure 3-1 is a typical chart of the fl ow t o t he sewage 
treatment plant-; Wastewater collected shows separ a t e peaks that 
result from water consumption between classes whi ch end at ten 
minutes before the hour and start on the hour. 
3 . 3 TREATMENT PLANT 
The treatment plant is designed to aerobical l y process 0 .5 
-
million gallons of effluent per day. The treatment plant consists 
vt r· v-
of a grit chamber , comminutor, wet well, lift stat ion, 63 , 000 gallon 
contact tank, two 45,000 gallon clarifiers, a 62,000 gallon digester 
and a 30,000 gallon digester, a 130,000 gallon r ea er ation tank , a 
chlorinator tank and a lagoon (polishing pond) . Figure 3- 2 is a 
schematic diagram showing the related process flows and layout of 
the FTU Wastewater Treatment Plant. 
Sewage is received at the grit chamber via t he 18 inch sewer 
main. At this point it is screened and the flow is measured by a 
flow meter which records in GPM and provides a cumulative flow 
~,., ,..vv 
reading. A comm1nutor grinds up large items and t he wastewater 
proceeds to the wet well from which a low lift sewage pump station 
( 
pumps the wastewater to the contact ank. Here t he wastewater is 
aerated and mixed with activated return sludge which r esults in an 
effective formation of floes. This process r equir es a r etention 
time of only one and a half to three hours (11) . The effluent is 
then processed to a clarifier where separation of suspended solids 
~ 
I ~ 
--y-·· .. . . . -- --~ ,-
~ I p f0 ~ (-~-- (1) 63000 GALLON CONTACT TANK (2) 45000 GALLON FINAL 
CLARIFIERS (a & b) 1.-..... ~-·- (3) 62000 GALLON DIGESTOR #2 
(4) 30000 GALLON DIGESTOR #1 
I (5) 130000 GALLON REAERATOR JJ (6) 5000 GALLON CHLORINATOR - :-r --ftJ ~- (7) POLISHING POND 
t 
• 0 ...... . ,. (8) IRRIGATION PUMP 
- -r_-_ j__l_ --.:r-- (9) SLUDGE PUMP 
-- (10) AIR BLOWERS 
I I i (11) SEWAGE LIFT PUMPS (12) WET ~VELL 




- II N Fig . 3-2 .--FTU Wastewater IJ1 
Treatment Plant . 
26 
from a clear supernatent occurs. The sludge from the clarifier is 
pumped to an aeration tank where it is reaerated and returned as 
activated sludge to the contact tank and wasted sludge is removed 
to an aerobic sludge digester for further treatment. The second ry 
effluent from the clarifiers is chlorinated at the chlorinator t nk 
and pumped into the lagoon for further treatment and to reduce ni-
trates and phosphates which are presumably utilized by the lagoon 
plants. It is also spread upon the land by "land spreading tech-
niques" where it is further purified by the plants and percolation 
through the soil. 
The present method of operation does not utilize the large 
reaeration tank or the number two clarifier. As loads increase it 
will become necessary to use these to meet the demands of BOD 
removal . 
Since the reaeration tank has a volume of 130,000 gallons 
which is almost equivalent to the effective daily wastewater flow 
of 135,000 gallons (average Trend Line value) it appears possible 
that the system could be semi-automated using the reaeration tank 
as a holding preaeration tank and treating a uniform flow through 
the balance of the system as presently configured. 
3.4 MIS WASTEWATER AND WASTEWATER TREATMENT ANALYSES 
To adequately evaluate the wastewater treatment at FTU, 15 
categories of related information were developed from a three year 
span of recorded data of the FTU wastewater treatment operations. 
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The wastewater related information categories a s output from the MIS 
are displayed_as graphical presentations in Appendix C, Figures 
ClO through C24 and are discussed below. 
3.4.1 AVERAGE QUANTITY 9F WASTEWATER PROCESSED 
The average quantity of wastewater processed is related to 
population, fixture leakage, overflow at the swimming pools , cafe-
teria wastes, operational wastes, and ground water seepage . Figure 
ClO is a plot of the average monthly wastewater processed in thou-
sands of gallons per day. Wastewater collected i ncreased from 
46,600 GPD in 1969 to 132,000 GPD in December 1971 . The effect of 
population can be seen by comparing the general t rends of this curve 
with the total population curve of Figure C9 and t he multiple plot, 
Figure C25. Wastewater has increased by a factor of 307% during 
the 36 month period while population has increas ed by 412% during 
the same period. The total wastewater load i s equal t o the popu-
lations spent water (unused domestic water r e t ur ned to the sewer) 
plus operational wastewater and infiltration . There is a contin-
uous flow of approximately 30 gallons per minut e f r om the swimming 
pool overflow and the cafeteria drain . Pr ior to and during the 1971 
Christmas holidays many leaking fixtures were r epaired eliminating 
an additional continuous wastewater infl ow of approximately 30 GPM. 
Thirty gallons per minute is equival ent t o 43 ,200 gallons per day. 
This is 32% of the December 1971 Tr end Line (effective value) pro-
cessed wastewater value and appr oximately equal to the January 1969 
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value. The Trend Line equation B = 76.6 + 5.69 T can be used to 
forecast future -average daily flows. The minimum average daily flow 
occurred in September of all three years. 
3.4.2 MAXIMUM WASTEWATER FLOW 
The maximum wastewater flow in gallons per minute is recorded 
directly from a meter at the wastewater treatment plant. The maximum 
value can be used to determine the maximum flow through t he mains . 
Figure Cll, a plot of the maximum values, shows that in October, 1971, 
the flow reached a m~ximum of 375 gallons per minut e . Assuming a 
minimum velocity for full flow is 2.00 feet per second, a design full 
flow of 3.8 cubic feet per second or 1690 GPM was calculated for the 
18 inch main with the slope equal to the actual slope of .00125 ft/ft 
and a roughness coefficient of n = .013. The current average maximum 
velocity is calculated to be 1.5 feet per second as compared to 2.0 
feet per second for full flow, and the average maximum depth is 4.8 
inches. (12) Assuming a line is drawn through the last two peak 
values of Figure Cll parallel to the Trend Line, the equation of this 
· line from December 1971 on would bey= 375 + 5.69 T. Letting y ~ 
1690 GPD (full flow value) and solving for T yields, T = 235 months or 
about 20 years at the present maximum flow growth rat e before the 18 
inch pipe would attain full flow. This does not allow for infiltratio~ 
At the present there is no indication of infiltration into the sewage 
system . As the system ages and the pipes move, infiltration from 





['. ground pipe which would be approximat ely 100,000 gallons per day or 
70 GPM for the t¥0 miles of sewers. This would reduce the time to 19 
years before the 18 inch main pipe line would reach full flow . From 
these calculations it is evident that dense particulate matter could 
settle from the sewage flow and eventually block the line. The Trend 
Line maximum flow value increased from 76 GPM in January of 1969 to 
275 GPM in December of 1971. This flow is equivalent to approximately 
0.4 MGD . 
Figure 3-1 is a reproduction of a typical daily flow meter re-
cording which indicates the times of maximum and minimum flows and 
the cyclic pattern of the water flow. The difference between the max-
imum and minimum values on this recording is primar ily population re-
lated flow. The minimum is primarily all operational, infiltration or 
leakage flow. The maximum flow occurs between 7:00 AM and 5 :00 P1 and 
the minimum flow extends from about 1:00 AM to 6:00 AM. 
3.4.3 MINIMUM WASTEWATER FLOW 
The minimum wastewater flow is an important consideration in 
wastewater collection system design especially in the distribution 
mains since too low a flow could result in insufficient or non-clean-
ing action and eventually plugging the pipes. 
In Figure Cl2 it can be observed that minimum flows of five 
GPM have prevailed on three occasions and that the minimum has been 
30 GPM or lower 28 times in the 36 month period. A 30 GPM flow in the 
18 inch main is obviously not sufficient for self-cleaning and conse-
I 
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quently settling should occur. This minimum flow r ate coupled with a 
large line, small slope and low maximum flows provide conditions which 
make it very possible that the 18 inch main could become plugged. 
3.4.4 FIVE DAY BOD 
The BOD of the raw influent and treated effluent are impor-
tant considerations in the operation of a wastewater treatment faci-
lity since these are the measurements of the input and output load 
concentrations . Figure Cl3 and Cl4 are plots of the five day BOD of 
the raw influent and the treated effluent respectively. 
It can be seen from Figure Cl3 that the BOD of the influent 
normally falls within a band width of 100 ppm and 268 ppm. The Trend 
Line (B = 158 + 1.97 T) indicates a gradual increase in BOD from an 
initial value of 154 ppm to 223 ppm. This increase in BOD can be 
attributed to increased population and will be discussed in more 
detail in the regression analysis of Chapter IV. 
The BOD of the effluent also shows an increasing trend, (B = 
1 .99 + .149 T), and as indicated in Figure Cl3. This is understandable 
since as the raw sewage increases in BOD the effluent will also in-
crease if the plant efficiency remains constant or decreases. The BOD 
increase as indicated by the Trend Line is from 2 . 13 ppm to 7.35 ppm . 
The minimum BOD of the effluent was 0.2 ppm in February 1969 
and a maximum value of 10.6 ppm was reached in October 1971 . 
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3.4.5 BOD REMOVAL EFFICIENCY 
BOD removal is one of prime concern of all wastewater treatment 
facilities. Recent regulations have established that all treatment 
plants will be required to attain a r emoval efficiency of 90 percent or 
better by 1973 (13). The FTU Wastewater treatment plant more than meets 
these efficiencies . Figure Cl5 indicates that the overall efficiency 
of the FTU Wastewater Plant is operating above 95 percent. The percent 
BOD removal of Figure Cl5 has a minimum value of 93.5 and a maximum 
value of 99.8. The Trend Line shows a slight decrease in operating 
efficiency (Percent BOD removal) with time. This is understandable 
since as plant loads increase the tendency is toward decreased effi-
ciency. The best fit (Trend) line (B = 98.4- .056·T) indicates the 
BOD removal decreased from 98.4 percent in January 1969 to 96.3 percent 
in December 1972. 
As loads continue to increase, variations in present operationa 
methods will be required to meet the regulation requirements. The mean 
efficiency of BOD removal, Figure Cl5, is 97.28 percent and has a stan-
dard deviation of 1.8005 . That is, more than 95 percent of the time 
the percentage of BOD removal is greater than 93.68 percent. 
3 .4.6 BOD OF THE POND 
The Polishing Pond has shown a continually increasing trend of 
BOD as can be seen in Figure Cl6 and from the Trend Equation B = 4.77 + 
.162·T. It can be seen from comparing Cl6 with Figure Cl4 that the 
Trend Line BOD values of the effluent have increased by 345 percent, 
and the BOD of the Pond has only increased by 220 percent. The plot 
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of the 36 months of data in Fi gur e Cl6 represent a standar d distributkn 
with a mean of 7.07 ppm and a standard deviation of 3 . 5 ppm . Seventy-
f i ve percent of the values of t he plot fall between four and twelve 
ppm . Excluding 1969 which was a year of low BOD t he plot appears to 
osc illate about a 7.5 ppm mean . 
3 . 4 .7 WASTEWATER SOLIDS (ppm) 
Wastewater solids are of both a fixed and vo l at ile nature . 
These solids can be in a suspen~ed or dissolved form. Fixed solids 
consist of salts, phosphates, nitrat es , and other minerals . Volatile 
solids are primarily organic and undergo biodegrada t ion in the waste-
wat er treatment process. The approximate build- up of dissolved 
sol ids through one municipal use may be as high as 250 ppm . (14) 
Treatment plant effluents, normally contain 20 ppm phosphate and 
15 ppm nitrate. (15) The effluen t a t FTU for the r ecorded period , 
July 1971 through December 1971, contained a mean phosphate level of 
14. 2 ppm and nitrates of 5.7 ppm . It would be expec t ed that the 
values of these nutrients would be lower than t hose from the normal 
municipality since laundry soaps , nitrates , etc . ar e not as extensive-
ly used at the University . 
The total solids dis solved and suspended, fixed and volatil~ 
in t he raw sewage are plo t ted in Figure Cl7. Fr om the Trend Line, 
B = 429 + 5.7 T, of t h is figure it can be s een t ha t there has been a 
gradual i ncrease in t he t otal solids of 145 percent over the three 
year period. This agr ees very closely with the BOD increase of 
t· 
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148 percent (Figure Cl3) over the same period. Since November of 1969 
the solids have fluctuated between a minimum of 210 and a maximum of 
850 and have a mean value of 552. The solids in the potable water have 
a mean value (Table 2-1) of approximately 155 ppm thus total solids 
have increased by an average value of approximately 400 ppm during one 
pass through the University. 
The fixed solids levels have increased from a value of 145 to 
244 ppm during the three year peiod as indicated by the best fit Trend 
Line of Figure Cl8. This is an increase of 171 percent which is 
greater than the total solid percentage increase. 
The total solids in the effluent as measured over the span of 
this study are graphically illustrated in Figure Cl9. The total 
solids in the effluent are almost identical to the fixed solids in the 
influent as can be shown from the equations representing the best fit 
of Figures Cl8 and Cl9, B = 142 + 2.82·T and B = 140 + 2.93·T respec-
tively. The total solids in the effluent varied from a minimum of 67 
to a maximum of 345 ppm. They have a mean of 193.9 ppm and a standard 
deviation of 62.9 ppm. 
The fixed solids in the wastewater effluent over the study 
period are illustrated in Figure C20. This figure i ndicates that the 
effective fixed solids have increased from a value of 112 mg/1 to 
211 mg/1 which is an increase of 182 percent and consistent with the 
previously described solids change rates. By comparing the Trend 
Line of Figure C20 with that of Figure Cl8 it is evident that there 
has been a~ almost constant reduction of fixed solidsduring 
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the treatment process. In January 1969 the reduced f ixed solids 
value was , 30.5 pp~,_ in December 1971, t his value was 33.3 ppm . This 
could happen due to changes in bicarbona t e alkalinity between i n-
fluent and effluent of the plant as a r esult of biological t reatment . 
3 . 4 . 8 DISSOLVED OXYGEN 
The dissolved oxygen of the r aw wastewater as it arrives at 
the wastewater treatment plant has decreased from an initial value of 
1.73 ppm to 1.21 ppm during the 36 mont h period as indicated by the 
Trend Line of Figure C21, B = 1.75- 0. 015 T. Thes e values are con-
sistent with the increased BOD of Figure Cl3 and increased total 
solids Cl7 indicating a greater aerobic demand for oxygen as a result 
of increased BOD during the trip to t he t reatment plant. 
The treatment plant does a good j ob of reaerat i ng t he water 
as i t is processed through the treatment facility , as c an be seen 
from Figure C22. The effluent has been aerated to a dissolved oxygen 
level having a mean value of 6.66 and a standard dev iat ion of 1 . 23 . 
This i s still below the saturation level of 8 . 2 at 25°C (77°F) (16) . 
From the available inf ormat ion it can be seen t hat the 
dissolved oxygen level of t he pond has shown a decline in the effec-
tive value of dissolved oxygen of 38 percent as indicated in Figure 
C23. I t is assumed that t his r eduction is primarily due to the in-
creased BOD of the effluen t intr oduced into t he pond which has in-




3.4.9 PER CAPITA WASTEWATER COLLECTION 
The per ca~ita daily utilization of water which when spent has 
been returned through the wastewater system has decreased from 30 . 0 
gallons per capita per day to 25.3 gallons per capita per day as 
indicated by the Trend Line, B = 30.0 - 0.13 T, of Figure C24 . The 
plot is cyclic and very consistent in the monthly occurrence of the 
maximum and minimum values. The maximum values occur during the hot 
summer months of July, August and September and the minimum values 
are prevalent in October, November and December . In addition to the 
climatic and operational related requirements associat ed with these 
periods are also the times of minimum and maximum annual student 
populations respectively. The values plotted on this curve were 
obtained by dividing the average wastewater collected for a three month 
period (quarter) by the student population for this quarter. The mean 
in gallons per capita of wastewater collected is 27.57 and has a 
standard deviation of 7.99. 
3.4.10 MULTIPLE PARAMETER PLOTS 
Figures C25, C26 and C27 are multiple plots of three para-
meters per curve as related to the same time axis . The A, B, and C 
values of the plots correspond to t he respective minimum, median and 
maximum values indicated on the plot. From these plots a visual indi-
cation of the interrelationships is obtainable. A more analytical 
approach is used in the regression analysis of Part IV. 
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3.5 WASTEWATER TREATMENT COSTS 
Initially tt. was not planned for FTU to have a wastewater 
treatment plant. Generated wastewater was to be piped to a proposed 
treatment plant to be located about a mile north of the FTU campus. 
This plant did not materialize and thus it became necessary for FrU 
to provide its own treatment facilities. These facilities were in-
stalled for an initial capital expenditure of $353,049.00. Values 
used in this analysis were obtained from Personnel of the Physical 
Plant Department. 
Since wastewater treatment costs are an important part of 
good operations, the following cost evaluation has been prepared. It 
is assumed that the plant will have an effective life of 25 years (17) 
with a salvage value of 20 percent of the initial investment. 
Capital Recovery Costs 
(6 percent Interest) 
....................... 2,194.00 per month 
*Operating Labor 200 hrs/week .................. 3,660.00 per month 
(three shift continuous + lab) 
Maintenance costs............................. 500.00 per month 
Chemicals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125.00 per month 
Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252.00 per month 
Total Monthly Costs ....... $6,731.00 
Wastewater Treated ........ 135,000 gallons per day 
4.05 million gallons 
per month (MGD) 
*Present Cost per 1000 gallons treated ........ $1.496 
*These figures do not allow for t he non water treatment work (other 
activities) performed by these personnel . 
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Full capacity costs per 1000 gallons treated would be $0 . 448 
which is equal to $6,731 . 00 divided by the 15,000,000 gallons per 
month ra ting of the plant . The present cost is larger than that of a 
~rgevolume municipal plant which processes over five MGD or up to 100 
MGD. It should be noted that although continuous (24 hour, seven day) 
manning i s provided at the plant that the personnel are quite often 
engaged in other activit ies such as building pump houses, installing 
pipe lines, maintenance of facilities, etc., and consequently, the 
estimated cost of 1.496 per 1000 gallons is high. The rated capacity 
costs of $0.448 per 1000 gallons is more reasonable and compares 
favorably with most municipalities. 
It appears possible to semi-automate the plant using the 130,000 
gallon aeration tank a s a ho l ding tank to regulate and provide uniform 
flow rates and adjust ing s econd, third and weekend shift flow rates to 
a uniform level. The large aeration tank would contain inflow fluctua-
tions and act as a sys t em holding tank where aeration and consequently 
biodegradation would t ake place. From an operation of this type much 
valuable information could be obtained towards improved treatment 
facility operations and automation techniques . This would most likely 
reduce the operating cos ts and allow the operating personnel to devote 
more effort to facilit y improvements, preventive maintenance, etc. 
CHAPTER IV 
REGRESSION ANALYSES OF RELATED PARAMETERS 
4.1 I NTRODUCTION 
There are many interest ing r elationships between the para-
meters of water and wastewater and the total population served. Depen-
dent variables such as water consumption , wastewater, five day BOD, and 
to tal solids were compared to the independent variable, population, 
and a best fit straight line equation was developed by the computer, 
using the least squares t echnique . Correlation factors were also 
calculated for the related regr ession analysis. The equation used 
for this calculation is (18) 
Linear 
Correlation = r 
Coef f icien t 
= 2:xy 
( (2:x2) (2:y2) ) ~ 
x = X - X where X = DATUM Value 
-y = y - y where Y = Corresponding DATUM Value 
The correlation factor is used to determine if the correlations 
between the independent and dependent variable is significant and is 
tested as follows: 
I f , 2 . 58 
~ (n- 1) 
> r > 
2.58 
~ (n- 1) 
then it can be said with a probability of 99 percent that the correla-




~ f best correlation possible is ±1 which means that all points fall on 
a straight line. If Ehe correlation coefficient is zero, when effec-
tively comparing two regression lines, this would indicate the lines 
are at right angles (19). The actual linear relationship is a func-
tion of the correlation coefficient squared, i.e., a .80 correlation 
r· 
to~ is only .64 as good as 1.0 correlation. 
Table 4.1 is a summary of the most important linear regression 
analysis equations and linear correlation coefficients of this 
analysis. Sample readouts are contained in Appendix B, and plots of 
s-ix seJe.cted parameters versus population are included in Figures C28, 
through C33. 
4.1.1 WATER CONSUMPTION VERSUS POPULATION 
Average water consumption is related to populat ion as indicated 
in Figure C28 by the regression equation y = 277 + . 05l·x where y is in 
thousands of gallons per day and x is the population. By using this 
equation it is apparent that y = 277 TGPD when the population x = 0 
and that the average water increases by 51 gallons per day for each 
unit increase in population. The correlation coefficient calculated 
for this relationship is .59 which indicates t hat there is a proba-
bility greater than 99 percent that a correlation exists. It is 
assumed that this correlation is also indicative of a good fit . 
4.1.2 MAX~1 WATER CONSUMPTION VERSUS POPULATION 
The regression analysis relates maximum water consumption to 

































































277 + .05l(x) 
456 + .07l(x) 
23.35 + .019(x) 
82.16 + .027(x) 
248.6- .028(x) 
119 + .020(x ) 
1.1 + .OlO(x) 
340 + .056(x) 













13.19 + .168 (x) 0 . 656 
-5.4 + 1.02 (x) 0 . 997 
145 + 2.07(x) 0 . 72 
58.3 + 0 .45(x) 0 . 362 
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sion line y = 456.3 + .07l· x . Fr om t his equation it is evident that 
: 
! 
with zero population, _ ~he maximum water requirement s are 456 thousands 
gallons per day and that a maximum of 71 gallons per day is required 
for each capita served. The 71 GPCD value is equal to 433 thousand 
gallons per day with a population of 6113 and is 141 . 5 percent of the 
I 
average daily requirement. The present maximum r equirement, using the 
regression equation and a populat i on of 6113, is 889 t housand gallons 
per day. This is equivalent to 617 gpm or approx i mately 51 . 5 percent 
of the rat ed capacity of 1200 gpm. The linear correlat ion coefficient 
I for this equation is 0.505. 
i 
4.1.3 WASTEWATER VERSUS POPULAT ION 
The average wastewater co llected is closely r elated to popula-
tion. This is understandable since wastewater is not affected by 
seasonal variations and operational requirements as water is. From 
Figure C3 0 the relationship is quite apparent . The regression analysis 
indicates that the wastewater y, in thousands of gallons per day is 
equal to 23.35 + 0.019· x where x is the value of t he population . 
Figure C30 is a plot of the relationship between average wastewater 
and populat ion and has t he regr ession line super imposed as a function 
of population. The correlat i on coefficient of t he straight line 
relationship is .8599. 
From t his analysis it can be stated t hat a minimum value of 
Y = 23.35 thou sands of gallons of wastewa ter would be collected daily 




population an increase of 19 gallons per day of wastewater is 
collected. 
The relationship of maximum wastewater to population is 
shown in Figure C31. The equation for the regression line of this 
analysis is y = 86.162 + .027· x . . The correlation coefficient is . 55. 
4.1.4 RAW WASTEWATER BOD (FIVE DAY) VERSUS 
POPULATION 
The regression equation of Raw Wastewater BOD versus popula-
tion indicates that the BOD of the wastewater has increased as a func-
tion of population. The equation is y = 119 + .020·x which indicates 
a minimum BOD of 119 ppm at zero population and an increase of 20 ppm 
per 1000 person·s. Figure C32 is a plot of this relationship. The 
correlation coefficient between five day BOD and population is .535. 
With a population of 6113 the population load is 114 mg/1 and the 
five day _ BOD · .. is 233 ppm. 
4. 1.5 WASTEWATER SOLIDS VERSUS POPULATION 
The wastewater solids consist of both fixed and volatile 
solids. The regression equation for this comparison is y = 340 + 
.056·x where y is the total solids and x is the population. Figure 
C33 is a plot of wastewater solids as related to population and has 
the regression line superimposed as a function of population. The 
linear regression equation for this relationship is y = 340 + .056·x 
and has a linear correlation coefficient of .527. 
-43 
4.1 .6 TOTAL SOLIDS VERSUS FIVE DAY BOD 
The linear regression equation of this relat ionship is 
y = 5.4 + l.oz:.x. The correlation coefficient is .841 which is a 
strong correlation. It may be possible to use this relationship for 
operational control of the plant since it is faster to measure solids 
than BOD. This method would have the disadvantage of being much more 
laborious than measuring BOD and subject to significant errors . 
4.1. 7 TOTAL SOLIDS OF THE EFFLUENT VERSUS 
FIXED SOLIDS OF THE WASTEWATER 
The linear regression equation of this relationship is y = 
-5.4 + 1.02·x. It is not possible to have negative solids in the 
effluent, however, the negative constant is small in comparison to 
the mean fixed solids level of 201. This may occur due to the 
proj ection of straight line regression analysis. The linear 
correlation relationship is .997 which indicates that an almost 
perfec t correlation exists. This is understandabl e since the 
effluent contains predominantly fixed solids which are equal to the 
fixed solids of the wastewater minus the almost constant reduction of 
approximately 30 ppm fixed solids as explained in secton 3.4.7. 
CHAPTER V 
SUMMARY, CONCLUSIONS AND RE COMMENDATIONS 
5 . 1 Slfr~RY 
Data were collected and analyzed fo r a period of three years 
(1969-1971). The information derived from t he data describes quan-
tities and qualities of water and wastewater i mpor tant to operational 
effectiveness. These data were analyzed using a management informa-
tion system (MIS). The analysis provided such information as future 
trends, plots of single and multiple system parameters as they relate 
to time, regression analysis of independent and dependent variables, 
tables of data and time specified data outputs . This useful informa-
tion provides: (1) a means for forecasting futur e operational re-
quirements for such items as water, chlorine, sewage treatment; (2) a 
visual readout of maximum loads, cycling condi t i ons , minimums, and 
other visual indicators from which improved operational and treatment 
techniques can be formulated such as irrigation programs and system 
automation; (3) a comparison of present capacity to rated capacity; 
(4) a basis for computing operating costs; (5) chemical feed require-
ments; (6) effects of population on consumption rates and production 
rates; (7) an effective visual readout of per fo r mance efficiencies 
such as percent BOD removal; (8) BOD load and concentration changes; 
(9) a basis for determining why some sys tem par ameters behave as they 
do such as the BOD increase with i n t he polishing pond, BOD increase 
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of the effluent, and (10) variations in statistical information related 
to changing or fluctuat~~~inputs. 
5.2 CONCLUSIONS 
Some of the most important conclusions t hat were derived as a 
result of this study are delineated below. Details pertaining to 
these conclusions are contained in the body of the report. 
1. ·The MIS computer program, used to analyze operational 
data of the FTU water and wastewater systems, proved to 
be an effective method for evaluating futur e requirements 
and adequacy of current water and wastewater systems. 
2. The FTU water system is characterized by: 
A. A good source of water of moderate hardness and 
slightly alkaline. The alkalinity is all bicar-
bonate. 
B. The water system capacity is limited to the 1200 
GPM (72,000 gallons per hour) capacity of the lift 
pumps plus the 200,000 gallon elevated reserve tank. 
A maximum daily requirement of 1,164,000 gallons per 
day or 820 gpm has already been exper ienced . Based 
on the maximum daily requirements 't-7hich increases at 
a rate of 15,900 gallons/month, th~ system capacity 
(both pumps running continually) will be reached by 
the end of 197 5 .. 
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C. Water consumption in gallons per capita per day 
decreases wit~ _increasing popula tion . The monthly 
average water · treated varied between 186 GPCD in 
January, 1969 and 112 GPCD in December, 1971. 
D. The average three year chlor i ne dosage of potable 
water is 30 pounds per million gallons or 3 . 6 mg/1. 
The mean chlorine residual is 1. 4 mg/1 and there is 
a calculated demand of 2.2 . mg/l. 
E. The average water consumption increases with time at 
a rate of 319 gallons per day . In the year 1980 
it is expected to reach 851 ,600 gallons per month or 
28,290 gallons per day. 
3. A steady increase in student popul ation of approximately 
1,260 students per year and a total population increase 
of approximately 1,400 pernons per year has been estab-
lished for the period of study. 
4. The FTU wastewater system is charac t erized by : 
A. The flow rate through t he 18 i nch sewer main is 
insufficient for self-cleaning and it is possible 
that blockage will occur if remedial action is not 
taken. This line will not reach full flow for 
approximately 20 years . 
B. The was t ewater treatment plant is presently operating 







The max i mum mon t hl y ave~age flow is 141 ,000 gallons 
per day . H~wever, peak flows of 375 gpm have been 
recorded which, i f continuo~s, would be equal to 
540,000 gallons per day which exceeds the rating of 
t he plant. 
C. The operation of t he wastewater systems at FTU is 
maintained at a 97.3 per cent five day BOD removal 
with a standard dev iat i on o.f 1 .3 percent which 
exceeds the 90 ·percent l evel required by Florida 
Depar tment of Po lluti~n Control. 
D. The five day BOD in the influent increases with 
increasing popul ation. 
E. The monthl y average wastewater collec t ed varied 
bet~een 30 and 25.3 GP CD over the study period. 
5. The ratio between was tewater collected and ' wa ter t reated 
varied between 16 percent and 22 . 5 percent during the 
period of study . 
6. Several important dependent relationships exist between 
some of t he par ameters and between parameters and popula-
tion. Mos t notable of these are: 
A. There is a strong straight line correlation between 
population and average wastewater. The regression 
equation is y = 23 . 35 + .019· x and the correlation 
coefficient is . 8599. 
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B. The regression equation of total solids i n t he 
effluent as _a function of fixed solids i n the 
wastewater is y = -5.4 + 1.02·x and ha s a correlation 
coefficient of .997. 
5.3 RECOMMENDATIONS 
'It is recommended that: (i) A Management Informat i on System 
be used to provide operating management with a continuing monthly 
. -
or quarterly information report, similar to what has been developed 
here; (2) The Management Information System be increased in scope to 
include electrical, heating, ventilating and air condit i oning infor-
mation; (3) A study be made and consideration given to semi- automation 
of the sewage treatment facility as a model or state of t he art 
plant; (4) A lift station be installed at the head of t he 18 inch 
main to collect wastewater and to discharge it at a flow and subse-
quent velocity that would assure self-cleaning of t he main ; (5) that 
further studies be made to determine the effectiveness of 't he pond, 
nutrient concentrations and effects; the reason for t he increased 
concentration of BOD, etc.; (6) The various trends of increased and 
decreased performance be utilized in improving the oper ation of an 
already efficient .system·.- ·-- . 
J • • • 
II (.. • j. .... - . 
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APPENDIX A 
t -
DIMENSION FTUWW(25,3c ) 
DEFINE FILE 200 (8 ,32C, U,NREC) 
NR = -2 
NP = 5 
READ DATA BASE INTO CORE AREA ••• 
WRITE(NP,1) . 
--
1 FORMAT(1Hl,' EC HO PRI~T OF FTUWW AS REA D I N ••• •, //) 
DO 2 I =1,25 
REAO(NR,3) 
2 WR ITE(NP,4) 
{FTUWW(l,J},J=1,36) 
(FTUWW( I,J),J=l,3c) 
-- 3 FORMAT(l0F8.2) 
4 FORMAT(lX,10F8.2) 
c 
C WR ITE CORE AREA ONTO DISK FILE ••• 
NR EC = 1 
WR ITE(200'NREC1 FTU~W 
c 
C CL EAR CORE FOR T~ST ••• 
c 
co 5 I=1,25 
co 5 J = 1,36 
5 FTUWW (I,J) = 0.0 
C READ DISK DATA INTO CORE FOR RE-EXA MI NATION ••• 
NR EC - 1 
REA0( 200'NREC) FT UW W 
c 
WRIT ECNP,6) 
6 FORMA T(1H1,' EC HO PRINT OF FTUWW AS REA D FROM DIS ••• ',//) 
DO 7 I =1,25 
7 WRI TE(NP 7 4) (FTUWW(I,J),J-1,36) 
CALL EXIT 
END 
FEATURES SUPPORTED . 
lOCS 
CCRE REQUIR EMENTS FOR 
..._COtJMON 0 VARIABLES 
-fND OF COMPILATION 
II XEC 1 
f---!li LES ( 200, J ENWW l 
1820 PROGRA~ 2 72 
t-----------:--· 
AZ MONITOR PROGRAM ••• JE NSE : 
COMMON FTUWWC15,36l,ITTLE(15,30) 





LL=1 ~------;- -----L0=6 
WRITE(5,300) 
300 FORMAT(1H1} 
DO 1 l = 1,15 
READ{2,100) CITTLE{l,J),J=1,30) 
1 WRITE(5,200) (ITTLE(I,J),J=l,30) 
WRITE (5,300} 
100 FORMAT(30A2) 
200 . FORMAT(20X,30A2) 
WRITE(LL,Z01) 
201 FORMAT{/lOX,'THIS IS AN ANALYSIS(MIS) OF THE FTU WATER AND ',/1 0X 
l'WASTE WATER SYSTEMS FOR THE PE RIOD JAN 1969 TH RU DEC 1971',/ 
210X,•THERE ARE 8 CATEGORIES OF WATER DATA,15 CATEGO RIES OF',/ 
310X'WASTE WATER DATA AND TWO RELATED POPULATION CATEGORIE S.',/ 
410X'THIS INFORMATION IS DELINEATED BELOW.',/) 
WRITE(l,52) 
52 FORMAT(/10X,'THE FOLLOWI NG INFO CATE GORIES ARE AVAILABL E BY •,/ 10 l 
1 1 YEAR AND MONTH . FROM JA N 1969 THRU DEC 1971.',/) 
DO 53 I=1,15 
53 WRITE { 1 , 54) I , ( ITT L E ( I , J ) , J = 1 , 3 0 ) 
54 FORMAT(lX,I2,2X,30A2) 
22 WRITE(LL,207) IBLK,IRED 
207 FORMAT(Al/20X, 1 1. DUMP-SELECTED LISTINGS OF TH E DATA BASE ',/ 
120X, 1 2. TREND-INDICATES TREND OF CATAG ORY',/ 
320X, 1 3. PLOT-PLOTS CATAGORY VERSUS TIME',/ 
420X,'4. REGRS-COMPARES VARIABLES AND INDICATES REG RESSI ON LI NE ',) 
520X, 1 5. STATS- CALCULATES MEAN AND STA NDARD DE VIATIO NS',/ 
620X, 1 6. FINISH-TERMINATES M I S PROCESSING.•/,Al) 
2 WRITE(LL,208) IBLK,IRED 
208 FORMAT(A1/20X,'SELECT AN OPTION ••• ENTER IN Il FOR MAT',Al//) 
READ(LO,lOl)N 
10 1 FORMAT(!!} 




GO TO (10,11,12,13,14,15 ), N 
10 CALL DUMP 
GO TO 22 
11 CALL TREND 
GO TO 22 
12 CALL PLOT 
GO TO 22 
13 CALL REGRS 
GO TO 22 
__ 14 CALL STATS 
GO TO 22 
15 WRITE(5,300) 





('*************ED OF FT UW W MIS EXERC I SE**** ',/ )) 
~ A3 f'v\ON I TOR 
204 FORMAT(5X,'INVALID OPTION CODE---TRY AGAIN.',/) 54 
[ 





IJ!i E w 0 R D I NT E G E R s 
roes 
CO RE REQUIREMENTS FOR 
COMMON 1530 VARIABLES 18 PROGRAM 706 
~D OF COMPILATION k OUP 
~TORE WS UA MONIT 
'CART ID 0001 DB ADDR 4010 DB CNT 002D 
II FOR 
** SUBROUTINE DUMP •• 
* LIST SOURCE PROGRAM 














pAGE A4 SU BRO UTI NE DUMP •• 
SUBROUTINE DUMP 
r-- COMMON FTUWW(15,36l,ITTLE(l5,30} 
WRITE(l,60) 
~9 WRITE(l,10) 
10 FORMAT{~ ARE YOU REQUESTING DATA FOR 





11 FORMAT( Ill 
IF(N}41, 12, l3 [~4~1 ~W~R~I~T~E~(~1~,~4~0~)~ ------------------------------------------------
- GO TO 999 
13 WRITE(5,14) 
14 FORMAT{ '!','REQUESTED DATA FOLL OWS .',//) 
DO 1 1-1,15 
7 WRITE ( 5, 15) { I TTL E ( I, J), J = 1, 30}, ( F TUWW (I, K) , K= 1, 36) 





16 FORMAT{' ENTER MONTH AN D YEAR FOR WHICH DATA IS REQ UEST ED .',/ 
l'USE I2,I2 FORMAT, ••• I.E ••• 03 70.',/) 
READ (6,17)IMNTH,IYEAR 
17 FORMAT( I2, 12) 
K=(IYEAR-69)*12+IMNTH 
IF (l-K)99,99,20 
99 IF{36-K) 20,22,22 
20 WR ITE { 1,30) 
30 FORMAT(' INVALID YEAR. DATA COVERS 1969-1971.',/) 
GO TO 12 
22 WRITE(5, 14) 
DO 3 I = 1, 15 
3 WRITE(5,18)(1TTLE(I,J),J=l,30),FTUWW(I,Kl 
18 FORMATC1X,30A2,/,F8.2) 
35 WRI TE(l 7 36) 
36 FORMAT(' IS ADDITIONAL DATA REQUIRED&',/, 
'*' IF YES ENTER 1. IF NO ENTER 0. ') 
.READ(6,11)I 
IF( I )39,38,999 
39 WRITE ( 1, 40) 
-- 40 F 0 R MAT ( ' 1 NV A L I D EN TRY • ' ) 




ONE WORD INTEGERS 
CORE REQUIREMENTS FOR DUMP 
COMMON 1530 VARIABLES 8 PROGRAM 
RELATIVE ENTRY POINT ADDR ESS IS OOD9 (HEX) 
COMP ILATION 




~5 SUBROUTI NE TREND 
SUBROUTINE TREND 56 
y DIMENSION Y(36),X(36,2),XT(2,36),XT X( 2 2) XTY(36) BETA(2) 
DIMENSION A(2.2l ' ' ' 
~ COMMON FTUWW(l5,36),ITTLE(l5,30) 
M1=36 
~ Ll 36 
900 WRITE(1,101) 
;..--10 l FORMAT(5X,'ENTER NUMBER OF DATA CAT EGORY REQUESTED IN 12 FORMAT') 
120 READ(6,102)Ml 
r 102 FORMAT{I2) 
IF (Ml)103,103,104 
~104 1F(M1 15)105,105,103 
105 IF(M1-1)103,103,l06 
....-103 WRITE( 1, 110) 
110 FORMATC5X,'YOU MUST ENTER A VALUE BETWEEN 2 AND 8 ' ) 
,..- GO TO 120 
106 WRITE( 1,111) (ITTLE(Ml,J),J-1,30) 
111 FORMATC5X,30A2) 
c NOTE ••• INPUT DATA IS SCALED · FROM 1,2, •• TO 36 
DO 100 I - 1,36 
X(l,ll = 1.0 
X{I,2) I 
100 Y( I )=FTUWW(Ml,I) 
N 36 
M=Z 
~· DO 4 I -1, N 
t: DO 4 J=l,M 






I ~ DET - (XTX( 1, ll*XTX(2,2l l-(XTX(2, l l *XTX(l,2l l 
A(l,l) = · xTX(2,2)/0ET 
A(l;2) = -XTX(l,2l/OET 
.._ ACZ,l) = -XTX(2,1l/DET 
A(2,2} = XTX(1,1)/0ET 
~ DO 17 I = 1,2 
DO ·17 J = 1,2 




~ 6 XTYCI)=O.O 
. D07I=l,M 
I'-- D07J=l,N -
7 XTY ( I) =XTY ( I l +XT ( I, J l * Y ( J l 
'-- D08I=l,M 
8 BETACI)=O.O 
"-- DO 999 I-l,M 
~99 
DO 999 J=l,M 
BETA( Il-BETA(l)+XTX{I,Jl *X TY(J ) 
"-_1o 
WRITE(l,l0)(8ET A(l), I= l, M) 
• ,E2 0. 5,' * (M ON THS ) ') FOR MAT(lX, 1 EQUATI ON IS Y = •, E20 . 5,' + 
~, WRITE(l,ll2l MONIT OR • •• ' , I, ' P EDI CT A DATA 
-liZ FORMAT { ' ENTER 00 TO RETURN TO TO 
...... lVALUE I N THE FUTURE , ENTER THE UMBE R OF MON THS I THE UTURE 
~E A~6 ______________ ~SU~B~R~O~U~T~I~N~E~- -T~R~E~N~D~----------------------------
2', / , 1 IN 12 FORMAT •• IE •• 07 •• ',/) 
r- READ{6,502)IMO 
I 502 FORMAT ( I 2) 
[ 
Xl=IM0+36 
VALUE= BETA(l) + BETAC2)*Xl 
WRITE{l,500) IMO,VALUE 
57 
5oo FORMAT('PREDICTED · VALUE OF DATA ITE M FOR ',I 2 ,'1S' , E20 . 5,/) 
WRITE(1,60l) 
601 FORMAT(lX,'IF YOU WANT THE EQUATION OF A OTHER INFO RMATION ',/,l X, 
lCATAGORY, ENTER 01 IN 12 FORMAT. IF NOT EN TER 00. 1 ,/) 
REA0(6,602)NM 






ONE WORD INTEGERS [ CORE REQUIREMENTS FOR TRE ND 
COMMON 1530 VARIABLES 
RELATI VE ENTRY POINT ADDRESS 
END OF COMPILATION 
II DUP 
*STORE ws UA TREND 
CAR T I D 0001 DB ADDR 4ElF 
II FOR 
*ONE WOR D INTEGERS 












474 PROGRAM 836 
IS 0206 (HEX) 





~ AGE A7~ SUBROUTINE PLOT •• y 
SUBROUTINE PLOT 58 
[;-"' DIM ENS I ON X ( 3 6) , Y ( 3 6 ) , Y 2 ( 3 6) , Y 3 ( 3 6) , Y 4 ( 3 6 ) , Y 5 ( 3 6) 
COMMON FTUWW(l5,36),ITTLE(l5,30) 
- 6 WRITEC1,2) 





31 FORMAT(lX,' ENTER y INTERCEPT AND SLOPE FROM TR END OR REG RESS I ON' , 
l/,1X, 1 EQUATION IN F8.3 FORMAT •• IE •• 0273.000, 000 0 .09 1 ',/) 
READ(6,32)A,B 
32 FORMAT(F8.3,F8.3) 






Y4( I )=0.0 






30 FORMAT(////,' THE PLOT ABOVE IS OF ',30 A2, ' AND 8=', 
1F8.3, 1 +',F8.3,'(X)',/) 
WRITE(l,lO) 
10 FORMAT(lX,'IF YOU WANT ANOTHER PLOT,ENTER 01 I N 12 FORMAT , 







ONE WORD INTEGERS 
:oRE R E Q U I R EM EN T S FOR PLOT 
COMMON 1530 VARIABLES 448 PROGRAM 3 54 
ELAT I VE ENTRY PO I NT ADDRESS IS 027E (HEX) 
tND OF COMPILATION 
It DUP 
I'-.. 
'~TORE ws UA PLOT -
~T lD 0001 DB ADDR 4D58 DB CNT 00 17 
l FDR 
1liST SOURCE PROGRAM 
~E WORD INTEGERS 
I'\ SU BROUTINE ZPLOT 
,....__ 
1AGE A8 - SUB RO UTINE ZPLOT ;;-
SUBROUTINE ZPLOT (M,AA,8B,CC,OO,EE,ZZ, KK ) 59 
v- DIMENSION X(l00) 
DIMENSION AA ( 2), 88 ( 2), CC ( 2), DO ( 2), EE ( 2), ZZ ( 2 ) 
v DATA 8L,A,8,C,O,E,OOT,OASHI 1 I ' I A I ' I B I ' I c ' , I 0' ' I E I , I I I ' I - I I . 
~ FOLLOWING CARD SETS FORTRAN LOGICAL UNIT NUMBER FOR PRI NTER ••• J=5 
AMIN = AA ( 1} 
AMAX = AA{l) -
BMAX = 8 8 ( 1) . 
v- 8MIN 88 ( 1) = 
CMIN = CC(1) 
CMAX = CC(l) 
OMIN = DO ( 1) 
OMAX = DO ( 1) 
EMIN = EE ( 1) 
EMAX = EE ( 1) 
DO 555 N=1,100 
555 X(N} = BL 
DO 35 I=l,M 
IF ( AA ( I) - AMAX) 10,11,11 
11 AMAX = AA(I) 
10 IF (AA(I) - AMIN) 12,12,13 
12 AMIN = AA(l) 
13 IF (88(I) - 8MAX) 20,21,21 
21 8MAX = 88 ( I } 
20 IF (BB(l) - 8MIN) 22,22,23 
22 8MIN = 8 8 C I ) 
23 IF {CC(l) - CMAX) 24,25,25 
25 CMAX = CC ( I ) 
24 IF { CC (I) - CMIN} 26,26,27 
._l_~ CMIN = CCC I) 
27 IF ( DO (I) - DMAX) 28,29,29 . 
29 DMAX = DO ( I) 
28 IF (DO ( I ) - OMIN) 30,30,31 
30 OMIN - DO ( I ) 
31 IF CEE(l) - EMAX) 32,33,33 
33 EMAX - E E ( I ) 
32 IF CEE(I) - EMIN) 34,34,35 
34 EMIN - E E ( I ) 
35 CONTINUE 
AWID - AMAX AMIN 
BW I D=AMAX - AMIN 
CWID - CMAX CM_IN 
DWID = DMAX - OMiN 
EWID - EMAX EMIN 
AUNIT = AWID I 100. 
BUN IT AUNIT 
CUNIT = CWID I 100. 
!'- DUN IT OWIO I 100. 
EUNIT = EWIO I 100 •· 
~ AMID AWIO I 2. + AMIN 
BMIO = BWIO I 2. + BM !N 
~ CMID CWID I 2. + . CMIN 
DMID = OWIO I 2. + DMIN 
' 
EM ID EWIO I 2. + EMIN 
NK = 1 
t-- DO 1000 L - l,M 
z = l 
...._ _ 
v-
AGE A9 SUBRO UTI NE ZPLOT 
v-
IF ((L/10) - CZ/10.ll 40,41,40 60 
....... 41 DO 223 LL - 1,100 
223 X(LL) = DASH 
40 X ( 1) · -DOT 
X{25) = DOT 
X(50) 
- DOT 
X(75) = DOT 
XC100)- DOT 
. -IF (AUNIT) 90,93,90 
90 KA = ( AA ( L) - AMIN) I AUNIT 
J- 91 
IF CKA) 91t91,92 
KA - 1 
92 X(KA) = A 
93 IF (BUNIT) 94,97,94 
94 KB=(BB(L)-AMIN)/AUNIT 
IF (KB) 95,95,96 
95 KB = 1 
96 XCKB) = B 
97 IF CCUNIT) 98,101,98 
98 KC - CCC(L)'- CMI N) I CUNIT 
IF CKC) 99,99,100 
99 KC = 1 
100 XCKC) = c 
101 IF CDUNIT) 102,105,102 
102 KD = (00(L) - OMIN) I DUNIT 
IF (KD) 103,103,104 
103 KD = 1 
104 XCKD) = D 
105 IF (EUNIT)106,109,106 
106 KE = <EE(L) - EMINl I EUNIT 
l.F ( KE) 107' 107·, 108 
107 KE = 1 
108 XCKE) = E 
109 IF CNK - 1 } 151,152,151 
152 WRITE(J,l11) A,AMIN,AMIO,AMAX, B,BMIN, BMIO,BM AX , C,CMI N,CMI O, 
1 CMAX, D,OMIN,DMIO,OMAX, E,EMIN,EMIO,EMAX 
111 FORMAT ( ' 1 ' ' T12, 'MINIMUM', T6l, 'MEDIAN', T11l, ' MAXIMUM ',/, 
1 T2, 'SYMBOL', T12,'VALUE 1 , T6l, 'VALUE', T111, 'V ALUE ',/, 
2 lX, 5{T5, lA1,TlO, 1E12.5, T59, 1El2.5, T1 09 , 1E12.5,/,1Xl, 
3 T 12,'+ 1 , T61, • + t ' T111, '+',!, T12, 





156 WRITE (J,116) L,(X(MM),MM=l 1 100) 
L l16 FORMAT (T5, 15, T 12, l OOA l) 
GO TO 77 
155 WRITE(J,117) ZZ(L) 1 (X(MM), MM=1 ,100) 
117 FORMAT {T2, 
77 IF ((L/10) 
46 DO 47 KL = 
l 47 XCKL) = BL 
45 IF(NK - 50) 
11-- 154 NK - 0 
153 NK = NK + 1 
l IF {AUNIT} 
400 XCKA) = Bl 
.._ 40 1 IF CBUNIT) 
402 X(KB) = BL 
1..._403 IF (CUNIT) 
404 X(KC) = BL 
F8.2, Tl2 7 100A1) 










AGE AlO SUB RO UTI NE ZPLOT ~ 
405 IF (DUNITl 406,407,406 61 Vfo"6 X(KD) = BL 
"' 4o7 IF (EUNIT) 408,1000,40 8 ~ X(KE) - BL 
10oo CONTINUE . ~ RETURN 
END . . - · 
~ 
FEA TURES SUPPORTED 
~E WORD INTEGERS 
1QRE RE QUIREMENTS FOR ZPL OT 
COM MON 0 VARIABLES 290 PROGRAM 1068 
---RE LATIVE ENTRY POINT ADDRESS IS 0180 (HEX) 
.....-
END OF COMPILATION 
II OUP 
*S TDR E ws UA ZPLOT 
CART I D 0001 DB ADDR 406F DB CNT 004E 
II FOR 
** SUBROUTINE REGRS •• 
* LIST SOURCE PROGRAM 














p_g?_LAJ.j SU 8R OUT l_!_l_E _ RE GRS •• 
II -
SUBROUTI NE REGRS 62 
v DIMENSION Y ( 36) t X ( 36 ,2), XT ( 2 , 36), XTX ( 2 , 2) , XTY ( 36) , BET A ( 2 ) 
DIMENSION A(2,2l,Z(3 6 ) 
v COMMON FTUWWC15,36),ITTLEC15,3 0 ) 
900 WRITEC t_,101l 
v- 101 - -----FORMATCSX, .'ENTER NU Mb ER OF DA TA CAT EGORIES REQUESTeD I N 
1I2, I2 FORMAT I) 




102 F 0 R M AT ( I 2., I 2 ) 
v ---- - - ------- -IFCM1-15) 105,105,103 
105 I F ( M 1- 1 ) 1 0 3 , W _114 
v - -114 IF(Ll-15)115,115,103 
115 IF{L1-1)103,103,106 
v 103 WRITE(l,l10) 
110 FOR MAT(5X,'YOU MUST E N TE RVALUE ~_BE T~fEN 2 A 15 I ) 
,.... 
-GO TO 120 
106 WRITE{1,111) {ITTLE( Ml,J),J=l,3 0 l ,(I TTL E( Ll , K), K=1,30l 
111 FOR MAT( 9X,30A2,.2X,' VERSUS 1 ,/,9X,30 A2 l -- - -
c NOTE ••• INPUT OATA I S SCALE D FROM 1,2, •• TO 36 
DO 100 I = 1,36 
X(I,l) = 1.0 
--X( I,2)=FTUW W(L1, I) 
100 Y( I l=FTUWW(Ml, I) 
---N=36 
M=Z 
DO 4 I= l, N 





005K=l 7 N 
5 XTX{I,Jl=XTX( I,J)+XT(l,Kl*XCK,J) 
DET = (XTX(1,ll* XTX(2,2) )-(XTXC2,ll *XTX(1,2)) 
A(l,1) = XTXC2,2)/0ET 
A(1,2) = -XTX(1,2l/DET 
A(2,1) = -XTX(2,ll/DET 
A(2,2l = XTX(l,ll/DET 
I'- DO 17 I = 1,2 
-DO 17 J = 1,2 








7 XTY (I) :XTY (I) +XT (I, J) *Y { J) 
I'- D081:1,M 
8 BETA(!)=O.O 
1"--. DO 999 r-1, M 
DO 999 J:l, M 
\___j99 BET A { I ) -BET A ( I ) +X T.X ( I , J l *X T Y ( J l 
ZSUM=O.O 
I'--- RSU M-0.0 
PSU M:O.O 
"--- QSUM=O.O YSU M:O.O 
.... 
-----
pAGE Al2 SU1:3 ROU TI NE REGRS •• 
i - -- -
DO 888 1=1,36 63 
r Z{l)=FTUWW(Ll,Il 
Y( I )=FTUWW(Ml, I) 
r ZSUM-ZSUM+Z(l) -
YSUM=YSUM+Y(l) 
v 888 -CONTINUE 
YBAR=YSUM/36. 
v ZBAR-ZSUM/36 . 
--
D0777 1=1,2._9 
v- -- -- -Q =(Z(Il...:.ZBAR) 
p =(Y(l)-YBARl 




CF=RSUM/SQRT((QSUM)*(PSUM)) -- ----- - -
WRITE(l,lO)(BETA( I),l=l,M) ,CF 
10 FORMAT(lX, 'EQUATION IS Y=' ,E20.5, '+' ,E20.5, ' * (X)' ,/,lX,' 
!CORRELATION FACTOR =',E20.5,/) 
WRITE(l,ll2) 
112 FORMAT(' ENTER 00 TO RETURN TO MONITOR~_ , (_L TO PRED I CT A DATA 
lVALUE IN THE FUTURE, ENTER THE VALUE OF THE INDEP EN DENT VARIABL E 
2',/,lX,'IN F8.3 FOR MA T IE 6125.200 
' ' I ) 
--READ{6,502)Xl 
502 FORMAT (F8.3l 
VALUE = BETA(l) + BETA(2l*Xl 
WRITE(l,500) VALUE 
-500 FORMAT('PREDICTED VALUE IS ',F8.3,//) 
WRITE(l,601) 
601 FORMAT(lX,'lF YOU WANT THE EQUATION OF ANOTHER INFORMATION',/, lX, ' 







, FEATURES SUPPORTED 
ONE WORD INTEGER-S 
'-
-CORE REQUIREMENTS FOR REGRS 
r-COMMON 1530 VARIABLES 564 PROGRAM 1052 
~LAT IVE ENTRY POINT ADDRESS IS 034E (HEX> 
~D OF COMPILATION 
N_/ DUP 
\..!iT ORE ws UA REGRS 
CART 10 0001 DB ADDR 4D80 DB CNT 0046 
,\...... 
I/ FOR 
['-!.!STAT I S T I C S PROGRAM 
LIST SOURCE PROGRA M 
~E WORD I NTEGERS 
'--
7 
. pAG.E_ f\J _J S]_A l i ST I C S _.PRO GRAM 
- - -
--
64 SUBROUTINE STATS 
v REAL MEAN 
COMMON FTUWW(l5,36),ITTL E(1 5 , 30 ) 
v 4 WRITE(l,2) 
2 FORMAT(lX ,' ENTE R DAT t\_Cg TAGOR Y NUMBEB BET_WEE 1 02 AN U 25 OF I' I ;.,.--- l 1 INFORM ATION fOR WHIC H YOU DE SI RE TO HAV~ THE MEAN AN0 1 ,/ 
. 2 1 STA NDARO DEVIATIO N CALCU LAT ED . ENTE R FO RMA T •• IE •• l2. I,/) ' I N 12 v READ ( 6,3)NCAT 
~ 3 FORMAT ( I 2} -
v - - -IFCNCAT-2}11 , 5 , 5 
5 I F ( 15-N CAT ) 11 ,~, 7 
r 11 WRITE(1 , 6 ) 
6 FOR MAT( I YOU SELECTE D A WRO NG CATAGORY,TRY AGAI N.',/) 
r GO TO 4 
7 SUM=O . O 
,..- - -- -----DO 20 1=1,3 6 
SUM=SUM+FTUWW(NC AT,Il 
~ 20 CONTINUE 
MEAN=SU M/36. 
r- WRITE (1,22)(ITTLE( NCAT,J),J=l, 30) , MEAN 
22 FORMAT ( 4 X ' 3 0 A 2 ' 4 X ' I ME AN I ' I = I ' F 8 _._l , L L_ -- --
-~ CONTINU E 
XSQ=O. 
- -DO 21 1=1,36 
XS Q=FTUWWC NCAT,I) **2 +XS Q 
21 CONTI NUE 
STDDV=SQRT( (XSQ-(S UM* SU M/ 36 ) )/ 35) 
------- -CONTINUE 
WRITE (1,23)( ITTLE (N CAT,J),J= 1 , 30) , STDDV 
23 FOR MAT('THE STA NDA RD DEVIATI ON OF, '30A2,2X,'IS' ,2X,Fl 0 . 4 ,/) 
WRITE (1,10) 
10 FORMAT(lX 7 ' IF YOU WAN T THE MEAN AND STAND ARD DEV I ATION FOR ' , I 
1'ANOTHER CATAGO RY OF INF ORMA TION , ENTER 01 I N I2 FORMAT,',/ 
2'IF NOT ENTER 00 I' I) 
..._ READ(6,8)N 
8 FORMAT(I2) 
~ IF( 1-N) 11,4,9 
9 RETURN 
'-- END 
, FEATU RES SUPP ORTE D 
-ONE WORD I NTEGERS 
r---
CORE REQUIREME NTS FOR STAT S 
, COMMO N 1530 VARIABLES 18 PROGRAM 430 
~LAT IVE ENTRY POI NT ADDRE SS I S OOFB (HEX) 
'-.[NO 0 F CO MPILATIO N 
IVJ ou P 
~ORE ws UA STA TS 
ART I D 00 0 1 DB AODR . 4E03 DB CNT OOlC 
I'-.. 
If FOR 
~SUBR OUTI N E TREND 
-
*LIST . SO UR CE PROGRAM 
~-
-pAGE Al4 v ---- -- - - SU JRO UTI NE UP DAT ••• JE ,\ISE ~ 
SUBROUTINE UPDAT 65 
r COMMON FTUWW(l5,36l,ITTLE(l 5 ,30l 
c FOLLOWING TWO CARDS DEFI NE SYSTEM KE YB OARD AND TYPE RITE • • • -v NK = 1 -
NT = 6 
,- - --- ---
--100 WRITE(NK,1l 
1 FORMAT( I ENTER DATA CATEGORY NUMBER I N 12 FORM AT ••• ', / ) 
r READ(NT,2l I DATA 
I F ( 1- I DATA ) 3 1 ,_2_r,-41 
----------v 31 IF(15-IOATAl41,51,51 
41 W R I T E ( N K ,_j. 8 l 
r - - --- - -18 FORMAT ( I ERROR ••• DATA CATEGORIES AR t 01- 25 I ) 
GO TO 100 
v 51 CONTINUE 
40 WRITE(NK,3l 











19 FORMAT( I ERROR ••• DATA IS RESTRICTED TO 1969-1971 ONLY ' ) 
- -GO TO 40 
111 CONTINUE 
c READ DISK FOR DATA ITEM REQUIRED ••• 
NREC = 1 
---
-READC200'NRECl FTUWW 
OUT = FTUWW(IDATA,IYEARl 
WRITE(NK,5)(ITTLt(IDATA,Kl,K=l,30l,I MNT H,IY EAR , OUT 
5 FORMAT(/,'VALUE OF' ,30A2,/, 'FOR THE DAT E',I 2 , I2 , ' I S' , F8 . 2 , /l 
WRITE(NK,6) 
6 FORMAT( I TO REQUEST UPDATE OF LAST VALU E, ENTER 01 ',/, 
1 'TO ACCESS ANOTHER DATA VALUE, t NTER 00 ' , I, 






- -9 FORMAT(' ENTER NE W VALUE IN F8 .2 FORM AT',/ ) 
REAO(NT,lO) VALUE 
--10 FORMAT(F8.2l 
1'-- FTUWW(IDATA,IYEARl = VALUE 
c WRITE THE DISK UPDATE ••• 
,'-.. NREC = 1 
WRITE(200'NRECl FTUWW 




~TUWW{RCl=7FFE-7BC8 ITTLE<ICl=7BC7-7A06 OUT(R )=0000 VALUE(R )= 
-
!DATA(! )=0006 IMNTH(I )=00 07 ! YEAR( I l-000 8 J ( I ) = 
1'-.JW HAT ( I )-OOOC 
~AT EME N T ALLOCATIONS 
-007F 1 =0018 18 =0031 3 =00 45 4 -0063 19 -0066 5 









AR~ YOIJ rtEfliJEST I llll nATA FOR ALL YEARS I'~ 
----1-F--AL L--HlTER-- h-1-r:-tlO+-ENTER--4..-------------------------- ·----
1 
--- IS ·A(HHT I O!IAL- 11A:rA--RF.QU I RED,'I! - ----------:__--- ---------------
1 F YES EtlT~R 1. IF 1~0 EllTER 0, 
----1------- -------
ARE YOU rtEfliJESTINil DATA FOR ALL YEARS& 
-----1 F- ALL- EIITER- -1-.- 1 ~-mH-EN-T--ER - 0.,.--- _ 
I) 
- ENTER 11()NTH AND ·YEAR FOR \<IH I CH --nATA -IS- REQUES.TEO, ---- - - -- --
USE 12,12 FORMAT, ••• I.E ••• 03 70. · 
-·- ------ --- -·· --~--------
1271 
----1 S ·:\£)0 IT I ONAt:-nA"'FI\- RF.QU I RE0.\ -- ---
1 F YES F.tlTErt 1. IF 110 ENTER 0. 
---o ------ --- - ----- -- ------ --- ------ -------- --------- - ---· ---·-
---,------ - - - 1-;- - niJt·IP-SF.LECTEn LISTINGS OF THE OAT A- - RASE------- - - ------- -------
2. TRENn- I NT1 I r.ATES Tr~EIIO OF r.ATMORY 
·---- ----·· -----
--3.--- PLOT- PLOTS -CATAGORY- VERSUS T I t4E _ __ : 
---- ---- -- - --- ---·- -- -- - ---- --- ----
~. REGRS-COHPARES VARIABLES ANI) l~nfCATES REGRESSION LINE 
--------5-.-- STIITS- - r.AU:ULATES MEAN ANO ST-\NOARO OEVIATIONS -------
6. FINISY-TERMINATES M I S PROr.ESSIMIJ. 
----·---------·-- - ----- - - - ------·--··- -- -------- ·--
---sF.-Hct- AN·- ON-1 eN-.-.-.ENTER-- 1 N- l·l -FORI-IAT---· 
2 
- ENTER 'lUMBER- OF - f) AT A-· CATE(]ORY - RE((UESTED ·- - IN I 2 FORI4AT-- ·-------··· . ... 
1)2 
--- · - -- o2 -··HATER -TnEATEn-Mr, - PER- HONTH- ---------- - --· -- ---- - - - - ----·----- - - -·--
EQIJAT IOII I S Y = 0.83773E 01 + 0.29~2~E 00•(1401HHS) 
---- EIIHR 1)1) T() RETUIUI 'T0 - 1-ION IT OR ;:-~--- ------ -- ------ ----
TO PREI1 1r.T A DATA VALUE I N TliE FUTURE, ENTER THE NUMRER OF MOIITHS IN THE FUTURE 
----- ---.---------
--- IN 12 FOI111AT •• I E •• 07 -; . -·- -·-- --- --· ·-- -- - ------
--- 1~r---· 
PREI1 1CTEI1 VALUE OF nATA ITEM FOR2~1S 0. 26031E 02 
------~-------- ----·- - - ---
IF YOU ~~ANT THE EQUAT ION OF ANOTHER IIIFORI4ATION 
CATMlOq':', EIITER 01 IN 12 FORIIAT;- IF NOT ENTER 00. ·- - ----- -------
----1)~ --
F.NTF.R ~mt-IBER OF DATA CATEGORY REQUESTEn IN 12 FOfU-IAT 
3" - -- ------ --
03 1\'Jr:.. DA ILY \-lATER IJSEO-TGPO 
Efl!JAT I Otl l'i Y . -- - - o .277 6RE 03--+------- 0.9572~E Ol •(MONTHS)- ----- ·-------------------
E~T~R 1)1) T0 RETURN TO MONITOR .•• 
---To PRE11 tr.T A- 0,'\TA- VAttJE - 1 n- TttE-FUTURE,- HITER -TH E- -NUMAER-QF--MOtHH$-1#--lHE~TURE 
I N 12 FORI1AT . -. IE.-: 07.. -- -- - ·---- - - --- ------- ---
--24 - -
PREOir.TED V~LUE OF nATA ITEM FOR2~1S 0 . 85203E 03 
--- ----------- ·--- -- ------- - - ----
I F YOU HfiNT THE EQUATION OF ANOTHER Ill FOR~IAT I ON 
~~- CATAGORY, EnTER 01 IN 11 FOR~T~ IF NOT ENTER 00 ~. ----------------------------------
-- ol - ------------ ~-





04 /fAX DAILY I-lATER USED-TGPD 
---- EQIJATI 0N IS - Y - • ------ 0 .- 40807E- 03 ·- 0 ,15913E- 02• (MONTHS) - -- ·- --- -- - -
ENTER OO . TO RETUR" TO MONITOR... . 
__ ;__TO - PRE f) I r."F - It-flAT A-·- VA LUE-l ·N- -THE -FU:rURF.:-,.-ENTER-THE-NUMBER- -O~ONT.HS--l1LIHLE.U.LUR-"-E---'---
IN 12 FORHAT .. IE •• 07 .. 
2~ 
---PREQ I CTEO- VALUE - OF-OATA--1 TEM-- - FOR241 S---- - 0 .13628E 04-
1 F-¥0U -IMNl'-THE- EQUA+I-ON-- OF-ANOTHER-- 1 NFORI~AT I ON -· -------------
CATAGORY, ENTER 01 IN 12 FORMAT. IF NOT ENTER 00. 
- ------ - -----· 
I) 1 . 
-ENTER-·NIH~RER - · OF -·OAT A-<:ATEGORY-REQUESTE0 ·- 1 N-- 12 --FORI-IAT 
1)5 
------()5-Hfl~-flAII:.lf-wATER-lJSEO-TGPD 
EQUATION IS Y • 0.13711E 03 + 0.8~5~6E 01•(MONTHS) 
-----
---· ENTER 00 Tl) RETURN ·TO MONITOR. ·•• -- - --- ·- - ···-·--··---- . - -------- - ·- - --·-- -··· -- - ··- - ··· ·- ··· · - - ·-·-- - . . ·· - - -·- - - - -
TO PREI)Ir.T A DATA VALUE IN THE FUTURE, ENTER THE, NUMBER OF MONTHS IN THE FUTURE 
--- 1 N I 2 FO rli~AT .-; I E-; • 0 7 ; . - -- _ _ :.._ __ - · -- -·- '-·--- ·--- .- ·-· --·---- - - - - ---
----2~----
PREI)ICTEO VALUE OF DATA ITEM FOR241S 0.6~~39E 03 
-------- -
IF YOU WANT THE EQUATION OF ANOTHER INFORMATION 
----- CATAr.ORY ,-- ENTER - 01- · 1 N-1-2-FORMAT . - I F-- NOT- ·ENTER -00. -
. ------- ---- -\... -·--. --·-
---~or-------------------------------------------------------------------------------------------------
ENTER ~JIJI.IBER OF DATA CATEGORY REQUESTED IN 12 FORMAT 
---------------------------~--· ·-
1)6 
---- --1'1 6-- t; B 'i - 0 F-- C 1:2-/ WATER-MO NTI:Y'- ---- - ·- ·- - - ---·---
E~UATION IS Y • 0.12968E 03 + . 0.16393E 02•(MONTHS) 
-----ENTF.R -·1)1) - T() ·RF.'TURN -10- MONI-TOR;.. -- - - -- - - - -- · ·-·-----------·-----
TO PRF.nlr.T A DATA VALUE IN THE FUTURE, ENTER THE NUMBER OF MONTHS IN THE FUTURE 
- - -t N- I 2 Ffl '111AT-;-; I E ;-;-0 7 ;·-:.- ------------- ----
------------
----'2~ - ··---- ·-·---- -- - -- - ----- ---- ---- --- -· - ------
PREI)ICTEI) VALUE OF f)ATA ITEM FOR241S 0 .11133E 04 
----------------------------·- - - · 
IF YOU WANT THE E~UATION OF ANOTHER INFORMATION 
- -- CATAGORY;-EtlTF.R - Ql - 1-N -~2-FORHAT-. -1 F- NOT ENTER · 00. 
--- 1)1 
ENHrt NIJI-iRER OF OATA CATEGORY REQUESTED 
---''>11- -
07 AVE RESIDUAL CL2-PPM 
I N 12 .FORMAT 
----------~---
--- EQUAT I f)N IS Y • - .150 68E-Ql-+ -0. 40475E-02• (MONTHS)------·----- ----· - - ·-· 
ENT~R 1)0 Tl) RETURH TO MONITOR ••• 
---TO PRE n I r.T A nAT A- VALUE- I N- T-HE-FUTURE r-ENTER :rHE- NUMBE R- OF-1-IONTHS-1 N- THE-FUTURE--------
---~N-1-2-FORIIA~ E-..-O•h-,,. ---------------------------------------------
- - 24 --·--< -- -·- ---- ---- ["~ 
---PREQ I CTED- VALUE-OF- nATA-1 TEM--f0rt241 S 0 :-12639E·- Oll- - - --------------
IF YOU HANT TilE EQUATION OF ANOTHER IUFORMATION 




E ~TER- NIJI·Hl ER-QF- OAT A---G A:r-Et:;OR~EQUE: S+Er>-1-~ -2-FORMA+~---------------------------
1)8 . 
---- 0~--NATS::R-t;Ot+SIJI~P-T-1-C)N= Gg.cf), ___________________________ _ 
EQUATION IS Y • O.l8571E 03 + -O.l9921E 01•(MONTHS) 
--- ENTER 1)1}- TO RF.TURN- TO - MONI TOR •. ~---------
TO PREOI~T A DATA VALUE IN TliE FUTURE, ENTER THE NUMBER OF MONTHS IN THE FUTURE 
---I N-t-2 FORI~AT-.-.Ifi .•• , 07..,......------------
-----2~----------------------------------------------------~-------
PREOICTEQ VALUE OF DATA IT~M FOR241S 0,66186E 02 
-----·- ---· • - ---- • •---~----w -- -------;-\._ 
--- I F-- YQU , \o//\NT- THE - EQUAT-ION - OF--ANOT-HER - 1 tiFORMATION ·------:--------------
CATAGORY, EtiTF.R 01 IN 12 FORMAT. IF NOT ENTER 00. 
1)1 
---- - ENTER· NlmRER - OF- ·OATA-CATEGOR¥-REQUESTE0- 1 N . I 2- FORMAT--
1)9 
·----·---·--· .. - ---- -- - -
----- 0 9 ·-STIJnF.NT-- POPULAT I .ON----------'-------- ·- ---------· 
EQ~AT ION I S Y • 0.10908E 04 + 
----ENTER I) I) Tl) RF:TURN --T-0 -W1N I :rOR-, -,.,.----
TO PRF.I11~T A DATA VALUE IN THE FUTlJRF., 
0,99860E 02•(MONTHS) 
ENTER THE NU~IBER OF t~O~ITI~S lNTHEF-UTURE- ------- ·-· 
--- 1 ~1 12 FORHAT-•• IE. ·.-07 • .-- ---------------------------- .. , _ _ _ 
--24---
PREI) ICT EI) VALUE OF DATA ITEM FOR241S 0.70824F.-04 
IF YOU \~ANT TilE EQUATION OF ANOTHER I NFORMAT ION 
------- ---
-- --· -------------------~----------
CATAGORY, EtiTF.R 01 I N 12 FORI~AT. IF NOT ENTER 00. 
1)1 
------ENT!:-fl--lmMBER- {:}f:--.!lATA-CATE.r.OR¥--REQUE-S-T&D--1 N-12- FORMAT-------· 
10 
10--TOTAt- POPUbNl~O*-----------~-------------~---­
- - - EQUATI 0"1- 1 5- ¥-·----- 0-;-l--4160E-04 0.1113 5E---03• (MONTHS)------
-----FHTER ~I) - T()-RF.TURN-1()-MON I-TOR.-.. . --- ---------
TO PRED I~T A OATA VALUE IN THE FUTURE, ENTER THE NUMBER OF MONTHS IN THE FUTURE 




--PRE I') I CJEI) · VALUF.-OF-DATA- I'TE~1 -- FOR241 S --- - 0.812 73 E-- 0 4------------ ----
--------------
---IF VOl! '~MIT THF:- EilUATION OF- ANOTHER- INFORI-IATION - --·---
CATM~ORV, F.tiTER 01 IN I 2 FORMAT. IF NOT ENTER 00. 
-----~t-----------------------------
ENT~R ~IJMBER OF DATA CATEr;ORY REilUESTEn IN 12 FORMAT 
--~-11 . ----------------------------
11 AV~ HASTE I-lATER (\/,1'1)-Tt:;PO 
---- -fEQU<\TII)"'-1 S- Y-- • Ov4·422'2~~2 • --0-..-2.11'159E OU..CMOll'LHSJ.-.-----------------------
ENT~R ~Q T~ RETURH TO MONITOR ... • 
-----TO ' PREn I r.T t\ - OATi\-YALU~ N-THE-FUTUREr-ENTER-lHE NUI:IBER- OF-1.\0!ITHS- L"l.-.tHE-F.UTURE.. ----- --- --------------




EIHEIUIUimER_DF_DAT A.._CATE.GOH..LE5__8£.QUE.SIED_I_N I 2 ~2 FORI-II\,_,__ __________________ _ 
!)711 
_______ 1=..:5::._..!!.1'/ ,Jl..!.._S_P.!.\Y_~9Jl:.~.f.£JUENT VERSUS 
10 TOTAL POPULATIO~ 
EQlJATIClll IS y,. 0.11016E 01+ 0.10483E-02·•(X) 
--- - · ------ r.oRnELATioN FAcToR- ,;; - o.7o29aE: · o~ - ·----------------------------
ENTE~ 00 TO RETURN TO MONitOR ••• 
__ _Jp __ PRI;.Q.lfr L.ll.JMTA_~~_L.!J_E I t1 THE FUTURE, ENTER_ THE VAL~E OF THE INDEPENDENT VAR I AB~~-----­
IN F8.3 FORMAT IE 6125.200 
!JOOO. 
__ PRE 0 I CTF.O_ V/\LUE__LS 
.!l. ~ ~ !i. 
IF YOU I·IJ\IH TilE EClUAT I ON OF ANOTHER I ~lFO.RMAT I ON 
__ _,.QI\ TA{>PRY...__ Gl!Tg_R_Ql_!J_I _I ~ . .£Q R~If\T_!._I F_ f!ili.-.ItJJ ~f! _ _QO ~- -
- ----------- --- ------------ ---
__ QO 
-----------J,_.____]!I~IP::SE.~~-G.H D __ LISTINGS OJ:___TIIE . Ot<TA AAS.!:..E _______ _ 
------ -------2. TREti0-1 NO I CATES TREND OF CATAGORY · 
)_, P-LOT-PLOTS CATAGORY VERSUS TII~E · 
------,,.- REGRS-Cot1PARES VARIABLES AND I IIOlCATES- REG-RfssTQNCfiiE 
-----------..-1-~ST fl T S.=-CA L CU LATE S J~~ AN _fiN f\ STAll OAR 0 __ O.E . .YJ AI19N S 
----··------- ·-----6. FINISII-TER~11f~ATES ~~ I S PROCESSING • . 
__________ --»JSE LE.C.L.AJL.QfllQ tl.. _._. E ~IHJLJ N _ 11 _.ffl Rl:l ------· 
----------------
3 
----'"Ill .EJL.D f1J A._CAIE.G <lB..Y___M_UM.ll.E.ILD.Llll.EO Bfii\.LLON.... Y 0 U. J'l J.S I:LIQ_JjA'l£ _fl. QIJ ~J) I N I 2 E 9 Bt1.U _  
__ .12 - . - ----·-
EIITER Y I IITERCEPT AllO SLOPE FROM TREI~O OR REG RESSION 
--- EQUAT lOll _IILFB J_FORl\AL.....J.£~021.3. 000,0000 • ..091 -----· 
---429.000005.7~--------------------
rF YOU 111\IIT AIIOTHER PLOT , ENTER 01 I N I 2 FORI-1AT, IF NOT, EtHER 00 
---
01 
EIITER- 01\T_J\_. -CATECoORY NUIIBER OF I NFOR-1-IA_T_ I_ONYOU_ I-/_I_S_H_ T_O_ H_A_V_E_ P_LO::-:T=TED IN 12 FORI>IAT 
09 
~---EIITER - Y-IIITER~~~~~LO~M~TR~~DR~EGRESSIOH _______________________ . _____________________________ ~ 
EQIJJ\T I Otl Ill F8 .3 FORIIAT .. I E .. 0273.000,0000.091 
70.5700S.fi9 
----- IF YOU 111\IIT-.AIIOTHER- PLOT, E~ITER-OL lll ... l 2 FOR~IAT, UIDT..;-ENTEEL00'---------------------------------------
01 
------f.IITElLOAT/1 CUEGORY-.NUHDEn- OLJ.liE.ORHI\I.ION_ YOU ... HISH TO IIAVE PI OIIED I N 12 EORC!I.·B-L---------------------------------
---09-- -- -- - · .:. --- -----------------------------EIITER Y IIITERf:EPT /\liD SLOPE FRO/I TRENO OR REGRESS I ON 
~---EQUJ\TIOII Ill FR~-FOrulAI~~027J~00,0000_091----------~----------------------------------------------------
----~007~57000S .G . -------------------------------
1 F YOU \11\IIT ANOTHER PLOT, niTER 01 IN 12 FORMAT, IF NOT, ENTER 00 
--~ 00 ... 
- 1 ._ l'UIIP-SELECIE!L.LI STIUGS.. OL THCDAJ.tLJ3AS S 




----~------l..--OUMP.,.SELECTED LISTINGS . OF.._THE DJ\TA_.BASE - ·---- ----· 
2. TREND-INDICATES TREND OF CATAGORY 
- ------ -----.l .--PLOT ,- PLOTS . CJ\TJ\GORY VERSUS TIME _ _ ------ ·- -· 
4. REGRS-COMPARES VARIABLES AND INDICATES REGRESSION LINE 
5 .--STATS-:.- CALCULATES MEAN /\NO . STANDARD .. DE VI AT IONs__ _________ , ___ _ 
6. FINISH-TERMINATES H I S PROCESSING. 
- - - - -- ----- ---·- ------- - - - - --
------------SE LECX.- AN - QgUON-.....EN!ER.-1 N_ l L FORMJ\ ! _ ____________ _ 
_ , _ 
·- ---- ----·-----·--·--··-·· -· ------·- ·- - ·-·· 
-- J.f .--- F.NTER--HIJI~RER-O I=-.nA+A-CATEGORIES---REQUESTED- 1 N , .LLF.ORI-tAL _ _________________ , ____ ·- - --·-- --- -
--1517 -------- - - -------- -· -- - ------- ------ --
17 5 DAY BOO-POND VERSUS 
__ _;__ ____ 1 5 - ~·I , W. - 5- 0AY- B OD - EFFLUENT----
EQIJ ATIDfl IS y .. 0.46214E 01+ 0.66370E OO • (X) 
- ---- - ----.r.ORR ELA:T-1 mi- FACTOR-A---· . ()....14647E-:: 05 - --· ··-------- ------- - --- -·- - ·----
- --- ENTF.R 1)1) TO - RF.T URII TO MO N I TOR r~r - - --------- -- -- ---·--- -·-- --· ----· ·· --·· --- - - -- -------
TO PRED I CT A DATA VALUE I N THE FUTUR E, ENTER THE VALUE OF THE INDEPENDENT VARIABLE 
--- 1 tl - F8 . 3 - FORIIAT- 1 E- - ll12 5-, 200- ---- - --- ---- -- ···-- ----------------
- - 6125T--------·------- ----
PREf) I CTED VALUE I S 40 69.803 
- ----------------- -------- ---- - - ---------··-·--·--- - ·- ----- ---------
--- 1 F- YOU - \~i\tlT-THE-EO.UA:f- 1 ON- OF- ANOTHER- I IlFORI-IAT I ON - --------
CATJ\GORY, F. tiTER 01 Ill I 2 FORI1AT . I F NO T ENTER 00. 
---- - - -------------------- ------
1106 
-·ENTER IHJMRER - OF- DATA- CATEGORIEs-REQUESTED - 1 N -2-,-I - :Z-FORMAT.o..·----------~-
llOFi 
06- LAS- OF-c L2/I>IJ\TER-I·IOtlTL ¥---·--- VERSUS------ ------ ·----------------~---
11 AVE HASTE WATER (H.W)-TGPD 
---EQIJAHOH-1 5--V• 0. 1039 7£-G- 0 .-36770E- .Ol-.. (-X}---------· 
CORRE LATION FACT OR • 0.14987E-05 
------ ----- ------------
E NTF.R on TO RE TUil ll TO HOill TOR ••• 
-- TO PREO I CT A OAT/\ -vALU E I H THE - FUTURE , - ENTER THE - VALUE -- OF- THE- I UDEPENDENT- ·VAR I ABLE - --- ------
1 N F8 . 3 FORIIAT I E 6125 .200 
Fi12S . 
--- PRED I CTED VAI.LIE - 1 S - ••••••••-------
---------- ----·------ -----
I F YOU HAtiT THE · EO.UAT I ON OF AfiOTHER I NFORMAT I Otl 
--- CATI\GORY-;-f.NTER-{) 1-4 H- 1 2--FORHAh-1 ~OT-ENTE R - 0 0. ----
-- 1) 1 ----
ENTER tiiJHAER OF OATA CATEGORIE S REQUE STE D I N 12, 12 FORt-iAT 
--1115 ------- -- -- -· --- ---- - ·--------
15 1'1.11 . 5 OAY ROO-EFFLUENT VER SUS 
- - -----il--AVE- HASTE- HATER L f-1-. W)-TGPI}----------------------· 
EQUATIOtl IS Y• 0 . 1J650E 01+ 0 . 37893E - Ol •( X) 
--CORRE LAT I 01!- FACTOR-- 0 .1 66 4 5 E -OS ----- ----------------------- --- --
---ENTER 00 TO-RETURILT0- 1.10N l.l"O -- --- ---- __ _f 
TO PREOICT A OATA VALUE IN TilE FUTURE, ENTER THE VALUE OF TilE INDEPENDENT VARIAB LE 
r, 
\.. ~ -....J N 
-I· 
APPENDIX C 
4 .: ·- ~ ~ ' 
• ...1 .t • , -
ESTED DATA FOLLOWS. 74 
[Y EAR AND MONTH 
19..:..:.• O;-;l~-----:6~9~·=----:0~2~--'6:'-:9::-•=-0;=-:3;:;--------:6~9:-:.:....:0~4-:---:6:=-9~.~0:-:5=--~6~9~.~0~6~~6~9~.~0~7-~6 9 • 08 ___ 6 9 • 0 9 
f- 10 69.11 69.12 70.01 70.02 70 . 03 70 . 0 4 7 0 . 05 70 . 06 
o. 07 70 08 70 09 70 10 0 • • • 7 • 1 1 
1.0 4 11. o·5 71.06 . 71 ~ 07 
wATER TREATED- MG PER MONTH 
b. 24 9.37 9.77 J_Q . 30 
o.ao 9.78 11.40 12.10 
18.00 13.80 12.30 14.70 
lQ . 80 22.30 21.20 17.40 
AV E DAILY WATER USED-TGPD 
~ 1 . 00 335.00 315.00 343 .00 
~ 8 . 00 326.00 366.00 391. 0 0 
7b.OO 445.00 409.00 473.00 
93 .00 719.00 738.00 560.00 
MA X DAILY WATER US ED-TGPO 
17 .00 








514.00 50 1 .00 
672.00 62 1 .00 
1116.00 90 6 .00 
MI N 
31 .00 
DAILY WATER US EO-TG PO 
08 .o o 





173.00 18 8 .00 
221.00 296.00 
238.00 2 55 .0 0 
480.0 0 47 5 . 0 0 96.0 0 
16 LB S OF CL2/WATER- MONTHLY 
161.00 247.00 244.00 2 8 7.00 
288.00 317.00 328.00 3 29. 00 
~4 3. 00 504.00 398.00 4 45 .00 
524.0 0 644.00 866.00 80 4.0 0 
1 AVE RESIDUAL CL2-P PM 
l. 20 1.20 2.90 1 .60 
1.40 1.80 1.40 1.60 
l. 55 1.40 1. 40 1 . 40 
1.1 0 1.00 1.40 1. 6 0 
8 WATE R CONSUMPTION- GPC O 
120 .00 197.00 187.00 2 0 6. 00 
94 .00 87.00 99.00 107. 00 
270 .00 210.00 195. 00 9 2. 00 
142.0 0 147.00 14 5 . 00 18 5. 00 
9 ST UD ENT POPULATION 
J 79. 00 1379.00 1 3 79. 00 1352.00 
~208 . 00 3208.00 3208. 00 3 163 . 00 
~8 3.0 0 1483.00 1483. 00 4 477 . 00 
269.00 4269. 0 0 4 26 9. 00 2 273 . 00 
~ TOTA L POP ULAT ION 
684 , 00 1684. 00 168 4. 00 1657 . 00 
:noa.oo 370 8 .00 3708 . 00 3 662 . 00 
21l o. oo 2 1 1o. o o 2 110 . 00 5104 . 00 








42 8 . 0 0 
477 .00 
5 47. 0 0 
581.00 
554.00 
6 4 8 .00 
95 2 .00 
20 5 . 0 0 
340 . 00 
3 5 1 . 00 
39 2 . 00 
3 72. 00 
29 6 .00 
4 16 . 00 
759 . 00 
1 . 60 
1.5 0 
1. 20 
1 . 7.0 
225 . 00 
118 . 00 
94 . 00 
182 . 0 0 
1352 . 00 
3163 . 0 0 
4477 . 00 
2273.00 
1657 . 00 
3662. 00 
51 04.0 0 
3 0 23. 00 
70 . 12 
71. 09 
9 . 71 
12 . 90 
1 3 . 60 
17. 40 
3 24. 00 
416 . 00 
4 39 . 00 
566 . 00 
529 . 00 
54 7 . 00 
648 . 00 
1 103 . 00 
186 . 00 
307 . 00 
324 . 00 
442 . 00 
236 . 00 
326 . 0 0 
396. 0 0 
712 . 00 
1 . 90 
1 . 50 
1 . 30 
1 . 40 
195. 00 
108 . 00 
97. 00 
17 8 . 00 
13 52. 00 
31 63 . 00 
4477. 00 
2 273 . 00 
165 7. 00 
3662 . 00 
5104 . 00 
3 023 . 00 
~LE: Cl--TABIIT.ATED DATA FROM MIS DUMP PROGR AM 
.......__ 
71 . 0 1 71. 02 71 . 0 3 
71 . 10 71. 11 71 . 1 2 
9. 4 1 7 . 02 7 . 9 5 
14 . 8 0 17 . 50 18 . 0 0 
-16. 50 15 . 80 18 . 40 
16 . 70 14 . 70 12 . 0 0 
31 3 . 00 226 . 00 26 5 . 0 0 
49 2. 00 564 . 00 599 . 0 0 
53 1. 00 565 . 00 592 . 00 
538 . 00 493 . 00 386 . 00 
-42 8 . 00 426 . 00 486 . 00 
71 6 . 0 0 847. 00 902 . 00 
792. 00 806 . 00 866 . 00 
10 32. 00 703 . 00 616 . 00 
119 . 00 19 . 00 117 . 00 
313. 00 2 7 8 . 00 44 2 . 00 
3 5 1. 00 396 . 00 470 . 0 0 
44 7. 00 250 . 00 19 6 . 0 0 
17 1. 00 155 . 00 135 . 00 
370 . 00 463 . 00 470.00 
40 4. 00 389 . 00 461 . 0 0 
730 . 00 704 . 00 693.0 0 
1. 10 1 . 00 0 . 90 
1. 50 1 . 10 1 . 30 
1 . 40 1 . 40 1. 00 
1 . 50 1 . 60 1 . 70 
26 0 . 0 0 183 . 00 2 15 . 00 
140 . 00 160. 0 0 17 0 . 00 
10 5 . 00 112 . 00 1 8 . 00 
82. 00 7 5 . 00 5 . oo 
7 33 . 00 733. 00 7 33 . 00 
3026 . 00 3 0 26 . 00 3026 . 00 
4479 . 00 4479. 00 447 9 . 00 
5417 . 00 54 17. 00 5 417 00 
1233. 00 12 3 3 . 00 1 2 3 00 
35 26. 00 3526 . 00 3526 . 00 
51 06 . 00 5 106 . 00 5 106 . 0 0 
















































































5 DAY BOD-RAW-PPM 
120.00 68.20 188.00 
256.00 230.00 213.00 
153.00 220.00 168.00 
366.00 135.00 188.00 
5 DAY BOD-EFFLUENT 
0.20 0.70 4.50 
8.50 6.50 2.70 
6.50 2.10 z.oo 
3.00 8.50 4.30 
16 PERCENT REMOVAL-EFFCNCY 
99.80 99.80 98.50 98.00 
95.00 97.00 97.00 99.00 
99.30 95.50 99.00 98.80 
96.60 99.00 93.50 98.00 
17 5 DAY BOD-POND 
0.50 3.80 1.10 10.80 
2.60 2.50 3.20 10.00 
6.40 7.20 5.50 5.90 
6.60 9.20 9.30 8.40 
18 w.w. TOTAL SOLIDS-RAW 
397.00 338.00 345.00 389.00 
409.00 653.00 640.00 646.00 
521.00 383.00 850.00 543.00 
668.00 845.00 505.00 518.00 
19 w.w. FIXED SOLIDS-RAW 
184.00 163.00 17 5 .• 00 180.00 
129.00 183.00 163.00 145.00 
133.00 163.00 300.00 227.00 
238.00 178.00 311.00 255.00 
20 w.w. TOTAL SOLIDS-EFFLUENT 
184.00 163.00 175.00 179.00 
129.00 183.00 163.00 145.00 
133.00 162.00 300.00 226.00 








































238.00 267. 00 
r-.... TABLE C2 TABULATED DATA FROM MIS PUMP PROGRAM. 
('.. 
-----
68.00 33. 00 
79.00 79. 00 




180 . 00 210.00 
375.00 295.00 
























98.00 119. 00 
284.00 165.00 
345.00 202. 00 
219.00 139.00 
98.00 119.00 
284.00 165. 00 
345.00 201. 00 
219.00 139. 00 
1o . or 
73 . 0 ( 
123 ._QC 
108 . o c 
120 . 0 ( 
130. o r 
19 5 . o c 
230 . 0 C 
30 Oc • 
30 . 0 • 
20. 0 ! 
































563 . 0 
554.0 
560 . 0 
97.0 
133 . 0 
237.0 
222 . 0 





REQUESTED DATA FOLLOWS. 76 
21 w.w. FIXED SOLIDS-EFFLUENT 
154.00 133.00 150.00 138.00 96.00 119. 00 74 . 00 104 . 00 7 9 . 00 
132.00 120.00 158.00 167.00 194.00 137. 00 179 . 00 229 . 00 182 . 00 
128.00 93.00 220.00 126.00 144.00 115.00 173 . 00 2 86 . 00 188 . 00 
181.00 226.00 292.00 161.00 112.00 185. 00 335 . 00 143 . 00 163 . 00 
22 W.W./0.0./RAW-PPM 
2.40 1.80 2.50 1.60 1.10 1.70 2 . 2 0 2 . 10 2 . 60 
0.50 1.50 2.22 -~ -1. 8 0 1.40 1. 20 1 . 10 0 . 70 0 .70 
0.78 1.10 0.40 0. 8 0 1.10 2. 00 1 . 90 1. 20 2 . 20 
1.10 0.80 1.30 1.10 1.10 1. 80 1 . 60 1. 60 2 . 10 
23 W.W./D.O./EFFLUENT-PP M 
-6.98 6.90 7.10 6.50 5.50 6. 40 6.70 5 . 90 5 . 50 
5.40 7.10 7.05 7.40 7.40 7. 80 6 . 80 6. 30 6 . 70 
6.48 5.70 1.30 4.90 6.40 6. 30 7 . 3 0 7. 60 7. 20 
6.90 7.00 6.20 
' 
7.50 7.40 7.7 0 8.30 8. 30 8 . 00 
24 W.W./0.0./POND-PP M 
15.40 16.30 16.60 17.30 16.10 9. 00 11 . 60 12 . 70 12 . 60 
12.70 13.30 12.70 13.50 17.60 15 . 80 7 . 00 8. 80 8 . 70 
9.20 8.50 7.50 7.00 10.90 10.1 0 13 . 00 13 . 30 1 5 . 80 
9.40 10.00 9.60 9.40 7.80 9. 80 10.40 14 . 10 9 . 00 
25 SPENT WATER-GPCD 
2 5.60 25.60 25.60 37.00 37.00 37. 00 43 . 00 43.0 0 43 . 00 
18.50 18.50 18.50 20.40 20.40 2 0 . 40 21 . 20 21. 20 2 1. 20 
35.00 35.00 35.00 20.60 20.60 2 0 . 60 24.60 24. 60 24. 60 










TABLE C3--TABULATED DATA FROM MIS pUMP PROGRAM 
-
7 
REQUESTED DATA FOLLO WS. 
01 YEAR AND MONT H 
71.12 
02 WATER TREATED-MG PER MONTH 
12.00 
03 AVE DAILY WATER . USEO-TGPD 
386.00 ~ 
04 MAX DAILY WATER US~D-TGPO 
616.00 
05 MIN DAILY WATER USED-TGPD 
196.00 
06 LBS OF CL2/WATER-MONTLY 
693.00 
I 07 AVE RESIDUAL CL2-PP M 
1.70 
08 WATER CONSUMPTION-GPCD 
59.00 I 
09 STUDENT POPULATION 
5417.00 
10 TOTAL POPULATION 
6113.00 
11 AVE WASTE WATER (W.W)-TGPD 
108.00 
12 MAX w.w. -GPM 
230.00 
13 ~IN w.w. -GPM 
30.00 
14 w.w. 5 DAY BOD-RA W-PPM 
146.00 
15 w.w. 5 DAY BOO-EFFL UENT 
9.00 . 
16 PERCENT REMOVAL-EFFCNCY 
93.50 
17 5 DAY BOD-POND 
16.00 
18 w.w. TOTAL SOLIDS- RAW 
560.00 
19 w.w. FIXED SOLIDS-RA W 
222.00 
20 w.w. TOTAL SOLIDS-EFFL UENT 
222.-00 
21 w.w. FIXED SOLIDS-EFFL UENT 
163.00 
22 W.W./D.O./RAW-PP M 
2.10 
23 W.W./D.O./EFFLUENT-PP M 
8.00 
24 W.W./D.O./POND-PP M 
9.00 







AR E I ND I CATED IN CATAGORY DISCRIPTICN. 
-~ ,, . 
TABLE C4--SPECIFIC YEAR AND MONTH DUMP PROGRAM OUTPUT 
____ _.. ,lNHIU . Mt:.P_L4N MAXIMIJ11. --------
SYMGDL VALUt VALUE VALUE 
~ 0.62400E 01 O.l4270E 02 0.22300E 02 
B 0.!:15 9 39E 01 ~:Z:U?J!$ 0.18883E 02 
_ _..... __ _,0. OOOOOE 00 ... . Q.! OOQ_OO LQ O 0. OOOOOE 00_. _________ _ 
D D.OOOOOE 00 O.OOOOOE 00 O.OOOOOE 00 
- O.OOOOOE . 00 _ ___ ___ __ 0 OOO.OOE 00 ___ O.OOOOPE _00 
+ + + 
69.01 I I I 
_ o9.0l_l. _ _ _ 
- --· - ------1 I _ _ _______ I 
69.03 I I I I 
_ 69 .• 04 _ ! ______ _ _ _ _______ l _I _ _ ________ _ 
' 69.05 I . I I I 
I 
69 .07 I · I I I 
- ~: :g~-}- - I I ~ - --·-----;; ~ 
__ _ o 9 • l 0_ 1 ::.:::=.::..:::_::=.::.::..::-==--== .:-_-:..=.::.::.:: -- -::::::- --------------I -----------------------:: I :----------- -:: - ::..- .-:::- - :-::--:..=:: -: I - ·- - ·-- -- --·- - - · 
69 . 11 I I I I 
__tL:L..12 I 
10.01 I I 
~ 1 0 • 0 2 _ J _ __ . _ I 
70 . 03 I I 
_ 70 . 04 __ I . __ _ __ ---- --·· --·-·· ---· I · 
70 . 05 I I 
10 . 07 I I I 
. 70 . 09 I . - -- - - . ~ --------- ·--. - -~-:--- - - --- -- -- I --------------·- - - -· · ----- · · I ···- ----- ------- ---·-----.. 70 . 08 ._ 1 ==oo.- oo.----=--------1 --- ~~--- ---- . ---------I------------------------ I 
70.10 _ I 1 . - ~~-·~ __ -t_9,f9~ T I __ __ -_____ ____ _ ___ I ____ _ _ ____ ______ _ 
70.11 I . I I . 1 
I I 
I 
I _ I __ _ 
I - ---- - I 
I 
I • - -~-~------- I 
1.04 
71 . 0!> 
l ~ ·----~------~----- I I _ _ _ _ 
71 . 0 7 1 
_ 7l . 08 _ .._ __ 
71.09 I 







MILLIONS OF GALLONS 
----- - · -· --
------1 
I 









---- ---- · ~ -- -· --
SYM~D~ VA~Ut V A L U E V~LUc 
A 0. 2 0lOOEQ3 Q,46950E 03 0. 73800E 03 
8 0 • 2 8 7 2 5 E 0 3. W'S't"mN!!~ 0 • 6 2 2 2 0 E 0 3 
___ _..._ _ 0. OOOOO E_.OO: _0. OOOOOE _ OQ. 
U O.OOOOOE 00 O.OOOOOE 00 
- ---':-S----'"'0 •. OOOOOE. .. OO_ ____ _ ____ p. OOOOOE __ OO ___ , ___ . 
+ + + 
----------------------------------------------------------------------------------------------------
69 .01 I I I 
_ _ _ _,6 9 . • 0 l ._ I ___ _ __________ .J.....:.. _______ ~ ____ I _ ___ .:.. __ ~{ _________ _ 
69.0 3 I I I I 
_ __ 69 .0 4 I ~ I I 
69 .0 5 I I I 
---~~~i L5 ___ __ ; __ J:~---------~~----; ---------------------C--L---------=-~=~=~=1 ·---------
69 .11 · I · ~ I I · I 
70 . 01 I I ~ I I 
___ 70 . 02 _ I. I 
:~J~-~ : ~ -~~~- ~ -- - --~- -- ~---
I 
7 1.01 I __ ~----------~~--L. 0 .2.__1 . I 
----71.0 3 I ! _ __________ _ 
L. 04 I --------------------71.05 I ----------- T------
------------
71 . 07 I 1 
___ _. 1.08 _ ( 
- ___ I_ 
7 l. 09 I I 
I 
_ ___ I_ 
I 
_,_ -------- -~--- I ----------------- ---- --
I 
-- -----·----
- ---- -- ·---- T ---"-----
1 




71.11 1 I 
-·- ' •• ------•• -·• -~-- ··•---•-· r·---- :-
\0 
THOUSANDS OF GALLONS 
_7':""' ______________ ------------ -----
-------
FIGURE C2- MONTHLY -VARIATIONS OF TREATED WATER 
,!:»YM~VL V 4:l t_(J t= -- VA_C_t.~.n: 
A 0.4l700f 03 Q.79050t 03 O.llb~Or. 0~ 
13 0.42396E 03 ~T!I.i'1~ 0.98046E 03 
· 0. OOOOOE ... 00 Q. OOOQO L OO __ 0. OOOOOF __ QO~------
O.OOOOOE 00 O.OOOOOE 00 O.OOOOOE 00 
--'- 0. OOOOOE .. 00 ,_QQ..OOOE_OO _ Q ~ OOOQQ~_QO"--------
+ + + 
----------------------------------------------------------------------------------------------------
I I I I 
' 
______ l l I 
I I . I I 
- ___ l J I 
I I I I 
6 
. :::gi-~-~- '--··- - ---- ~ . . . . - ~ . . ~ - --- -- .. -----· -·- - ···- - - ·- j · 
69 10 1-----------~ -----------~-----~------I------------------------'------------------------1 
---·- . - -· - --- - - - ~ - -- - ·-· · ··· ------ - ---· 
69.11 ·I . I I · I I 
I I I 
70.01 I I I I 
___ _ 70.02 ___ l ___ , ( _l _ _ I 
70.03 I I I I 
70 .04 . 1 _ -- --·-- · I ... I _ _ --- ---
70.05 I I I 
----~7~0~-~o I 
70.07 I I , I I 
7 0. 0 8 1-----::-::- --::: - .==::- - =::.=..- .:::.::::::: l =:::::.=..=--=.:: - -::===.::=.:-_!------------------ -:.=-:..::=::I =-=.:::.=.=.::-=.=.==::=.=---=-==.::..-:=.::: ~ I __ _ _ 
70.09 I I I I I 
70.10 I -- - ----- -----·- - -- ~ - 1 _ _____ L________ __ I 
70.11 I I I I I 
]0._._ 1.2____1 ___ .__ I B "" 408 + 15.9 T I I 
·--- H:~i- ~ ------------------- ~ ~-: , -----! --- ---- -----: 
_ __ 71 . 04 1 --------- ·--- ----· ·· ----- - l _ _ . l_ . _ .. I A __ . I __________ _ 
1.05 I I I I -
----------:--1--------
71.07 I 
____ 7 1. 08 
- - ---- ~ ------ ' 71 . 09 I 
7 l • l 0 - -- ·- - ·----- ----- . ---------------- - - I . 
71.11 l . ~--




THOUSANDS OF GAL~ONS PER DAY 
----- ·-- --·--·--·- -----
______ MINIMU MEQI~N M_~~-l.~~ .ML.!. _ ______ _ 
SYMB OL VALUE VALU E VALU E 
A 0.190QOE 02 O.Z ~J2QE 03 0.49600E 03 
)) O.l4 555 E 03 G~?J':;$liZJ 0.44130E 03 
· C · . O.OOOOOE 00 ----·- - - -- O.OOOOOf:._OO p.OOOOO~ .. OP 
0 O.OOOOOE 00 0.000001: 00 - O.OOOOOE 00 
_ _;__E._ _· __ 0. OOOOOE 00 0. 000001:: 0 ..._ 0. POQOP!:_ .PQ, _ _ ____ _ 
+ + + 
I I I 
_ I L-------~----- - I. I I I 
69.01 IA I!\, 
_ _ 6 9 . 0 2 _ _ I . . .. __ . .. __ __ __ __ _ ·-· .. . . I . 'i(: ... :':'1t 
&9 .0 3 I I . 
_ _ 69 .o4 _ r __ _ ___ r _ _ _ _ 
_ I l . 
69 . 05 I I I I I 
63......Jl_ 
69 . 07 I I I I 
' . 
__ 69 . 08 _ . ~-- I ::::1L =_:l3t.l + ·8.45 __ T__l ____ ! __________ _ 
o9 . 09 I , 
___ 69 . 10 _ l --: - :- -----~ --- -...::..::..::=..::..::.::.:::::..l- :- ..::.:::..=..::...::..::..:::::::::...--:-
69 .11 I I 
70 . 0 1 I 
---·-· 70 t 02 - 1. _ 
70.03 I 









--;..:::::..::.::.=.I--.----------- . I  ____ ........=.::.::=-=.------ -- I I . ---- _ .=..::..::.=...------::::- :- --I. 
I I 
I I 
---·-- I ----- · --- ------ .. I 
I - I 
-:-. .. I _ _ ... ··---- --- - I __ 
1 I 
70 . 07 I I I '\.1 1~ I 
------ ---- ---
70 . 08 _ 
70 . 0 9 
70 .10 
- . .. -- - .... " --- - ------ -- ------ -- -- ---- -----·---- ---------. ------------ " ----------------I------------ -- - -- --1--- - -- - --- -----~-- - ~---~- - - - - I -- - ---I 
1 . I I I I 
I -- - -~---------· ----- I ----- --- I ---.. -- _ _ I 
7 0 . t 1 I I I \/:~ I I 
7 t. 0 1 
__ '/1 . 02 -
7l . 03 I 
___ 71. 04 _ l 
7 t. 05 l 
71 . 07 l 
_::_ _ _ 7 l. OB _ 1 
7l . 09 l 
_ 71 .1 0 1 
7l .ll I 







-~ ___ I _________ __ 
·----------· I : ~ ~ l 
------------------------·-
1 
- ---- ·-- ·- - ----- - I _ I I ~------------~~ 
l l 




CX> - .. ___ _ - - - _ _ ___ ___ I-'____ ___ 
--------· - ---·----
THOUSANDS OF GALLONS PER DAY 
• . M 1 N H1U M __t1 E Q l AN M A )5 l M U,uM:.L_ _____ __ _ 
SYMOO L VAL UE VALUE VALUE 
A O.l3'>00E 03 ____________ Q~_5Q_Q50t: 03 0.86600E 03 
u O.l4607E 03 GWP~5'di£.,f!Wffl!J 0.71972E 03 
o-- · ~:~~gg~~ - gg -· . g-:~g-g -gg~--go ' - g:ggggg~-gg-· -----
___ .E ____ o.oooooE oo _______ ______ .... O.QQJlDL.O ______ · ___ _ _ o •. oooooE __ og 
... + ... 
I I 
---------~-----------~-------~----· ~- ~-----·----I I 
1 
I 




____ 6 9 .08 ____ I 
I 
I I I 
___ _ __ I
I I 6 9.09' 1{- . ~ 
_ _ 69 .10 - I - - :-:= =-·===-== -=-==- - . 
69 .11 I 
:----------~-------~----------------;-------------~~~~~~-~~-~--------------~· 
70 . 0 1 
_____ 70 .0 2 -
70 . 03 
-- --- 7 0 • 0 4 -
70 . 0~ 
70 . 07 
·---- 7 0 . 08 
70 . 09 
·------- -~ 70 . 10 








_ ____ _ l . l _ _ _ 
. I I 
--..._.;:---...:-:.:.:::·--= _ _ _ .I _I - - -· 
I I 
! -:- - .= ::::.::::-.::::: :-.. -:==--~=:::.=-.-=..::-= ~ ==-=--==-:-:=. ::--: ::-.. -- - """'!,!,~:r "! 
I .... --·-------- I _ 
I I 
I 




----H:gi -: --· ---·· . : L-~~~ . l--------------·----. ·f··-----------
_ ___ 7 1 . 0 4 _ l __ l - ___ I_ - - .. - - [ _______ __ 
71. 05 I I I \O{t A 1 1 
71 . 07 
____ .7 1. 08 
71 . 09 
____ 7 1.10 
7 1. ll 
__ ________ _________ ____ , ________________________ , __________ -- -~- - - __ , -- - - ~
I I I 
.. 1 ---·!------·-----_I I ' 
I I I 
I --·-- --· _ -----·---· I _! _____ ______ _ 




------- --. --.. ·--·-----
00 
----- ·---·- N 
------·-------
' INIMU 
. SYMBOL VALUE VALUE 
A 0.90000E 00 O.l8999E 01 
VALUE 
0.29000E 01 
B O.l3?60E 01 · ~3J'ma O.l4960E 01 I 
___ _.._ _ _ 0. OOOOOE _ 00 Q_,_Q.QQ_OO E_Q_Q,__ ________________ _ 0. 0 0 0 0 0 E ... 0 Q 
0 O.OOOOOE 00 O.OOOOOE 00 O.OOOOOE 00 
___ _... _ __ 0. 0 0 00 0 E_ 00 Q_O..Q.Q.Q,_E.._-_,0""'0,.__ _________ _ ·--O~_QQOOQE __ QO 
+ + + 
69.01 I 
--'-----'~;: ~ !~_! ___ _ A •• •• ~. .J ~ 1 ~·-- ; ~ • ~ l m u • •• ~ ~-----'-------
b9.05 I I t . A- I I 
---;,.-------------
69.06 I 
I I I b9.07 I 
__ __;__69. 08 _ 1 
- - -:-- ----,_:__ _ _ ! ~------------ -----· -· ·- .. ·- ·· I ·-·-------··-· ----
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